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Dintre de les activitats que organitza la Societat d'Historia Natural de les Balears junta­
ment amb I'lnstitut d'Estudis Balearics, entre el 17 i el 21 de man; de 1997 va tenir 1I0c a Palma
un Cicle de Conferencies sobre Ecologia Insular. Es va tractar d'una altra de les activitats de
divulgacio cientifica realitzades amb l'anirn de promoure la creacio del Museu de la Naturalesa
de les Illes Balears a Palma de Mallorca, una de les necessitats culturals mes evidents del nos­
tre pais. En aquesta ocasio, un grup d'ecolegs d'arreu del mon van realitzar cine conferencies
davant d'un public ben variat, constituit per estudiants, professionals i afeccionats ales ciencies
naturals. La participacio dels assistents fou molt activa, cosa que va quedar ben palesa, diaria­
ment, amb la gran durada dels toms de preguntes, i fou demostrativa del gran interes que va des­
pertar la ternatica del cicle realitzat. Ara, un any despres de la realitzacio del cicle de conferen­
cies, hem reunit en aquest volum quatre de les cine conferencies presentades, ampliades 0 redui­
des segons el criteri dels propis conferenciants, i hem afegit tres treballs mes sobre Ecologia
Insular, per tal de donar mes cos a la present monografia. Aquests treballs abasten aspectes molt
variats de l'Ecologia Insular.
Les illes han estat considerades com els millors laboratoris naturals per a I'estudi de I'e­
volucio animal. Tambe ho son per a I'estudi de les relacions ecologiques entre els animals i les
plantes. EI ventall de treballs aqui presentats aixi ho demostren. Les illes son un mons apart,
sovint molt simplificats. Con tenen especies endemiques que no es troben enlloc mes, Sovint,
pero, contenen especies invasores, les quais s'han d'adaptar tambe a viure als mons insulars. Les
especies insulars s'articulen en comunitats molt singulars, simplificades, on es poden estudiar
les relacions ecologiques rnes clarament que ales comunitats continentals, rnes complexes.
L'experimentacio ales illes sembla mes senzilla que als continents, igual que les analisis de les
interaccions ecologiques entre els habitants de les illes.
En aquesta monografia es presenten treballs que abasten una bona part del ventall de
l'Ecologia Insular. Les investigacions que es presenten a aquest volum versen sobre relacions
ecologiques a diferents illes del mono L'area geografica contemplada en aquest volum no esta,
doncs, Iimitada a cap indret especific, sino que son les illes oceaniques i para-oceaniques del
mono Alguns dels treballs se situen, pero, a indrets geografics mes concrets, tals com les illes
rnediterranies, les Antilles i les Canaries. Dos dels treballs son revisions de caracter general
sobre aspectes concrets de l'Ecologia Insular (una analisi general dels mutualismes planta-ani­
mal ales illes realitzada per A. Traveset i una aproximacio a la paleoecologia de les illes pre­
sentada per J.A. Alcover, B. Segui i P. Bover). Eis altres son anal isis de casos concrets. Eis doc­
tors Schoener i Spiller analitzen els efectes de la magnitud de la depredacio a les illes, a partir
de quatre estudis realitzats ales Bahames. EI seu treball inclou no sols tasques de seguiment del
que esdeve a la Naturalesa, sino tambe diversos experiments elegants. Dos dels treballs presen­
tats son anal isis concretes sobre illots de la Mediterrania, EI Dr G. Cheylan analitza les pobla­
cions de Rattus rattus a les petites illes provencals i tirreniques, Les rates negres, una especie
escampada per nombroses illes mediterrimies en temps recents, exerceixen un paper clau en I'e­
cologia de nombrosos illots mediterranis i d'arreu del mono EI paper concret exercit Rattus rat­
tus sobre les poblacions de tenebrionids i d'aranyes als illots de l'arxipelag de Cabrera es ana­
Iitzat per G. X. Pons i el Dr Palmer. Dos exemples d'interaccions entre plantes i animals de I'ar­
xipelag de les Canaries son presentats pel Dr M. Nogales, qui incideix en I'eixamplament del
ninxol trofic i espacial que sovint es detecta ales illes. EI Dr l.A. Ottenwalder presenta un tre­
ball sobre I'ecologia d'un dels vertebrats endemics insulars rnes interessant dels que encara
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sobreviuen, el Solenodon de La Hispaniola, Solenodon paradoxus, una especie de la qual enca­
ra resta molt per coneixer, Amb tots aquests treballs els lectors podran percebre visions ben pre­
cises de I'ecologia dels sistemes insulars.
Com a coordinadors del Cicle de Conferencies sobre Ecologia Insular volem fer pales el
nostre agraiment cap a tots els conferenciants, el qual volem fer extensiu a tots els autors d'a­
quest volum, aixi com ales institucions que ampararen el cicle.
J. A. Alcover - J. del Hoyo
Palma de Mallorca, 25 d'agost de 1998
EI paper dels mutualismes planta­
animal als ecosistemes insulars
Anna TRAVESET
Institut Mediterrani d'Estudis Avancats (CSIC-UIB). Ctra. de Valldemossa, Km
7,5. 07071-Ciutat de Mallorca. email: ieaatv@ps.uib.es
Traveset, A. 1999. EI paper de Is mutualismes planta-animal als ecosistemes insu­
lars. Mon. Soc. Hist. Nat. Balears 6 / Mon. Inst. Est. Bal. 66: 9-33. ISBN: 84-
87026-86-9. Palma de Mallorca.
En el present treball s'examina la importancia ecologica ales illes de les interac­
cions mutualistes entre plantes i animals, en particular, el paper que la pol-linit­
zacio i la dispersio de llavors per aquests juga en la estructura de les comunitats
i en el manteniment de la diversitat biologica. S'enumeren una colla d'exemples
d'interaccions peculiars que s'han originat en diferents illes arreu del rnon aixi
com les consequencies ocasionades al trencar-se aquests mutualismes degut a
diferents causes com son la destruccio de l'habitat, la intrcduccio d'especies exo­
tiques 0 una caca excessiva. S'examinen tambe els factors que cal considerar a
l'hora d'avaluar el rise d'extincio de plantes que han perdut els seus animals
mutualistes i els mecanismes que tenen per a compensar aquestes perdues,
Finalment, es tracten els sistemes de reproduccio de les plantes ales illes i els
mecanismes que han evolucionat per a evitar la dependencia absoluta dels ani­
mals en aquests ecosistemes.
Es conclou que en qualsevol programa de conservacio cal incorporar I'estudi i la
facilitacio de les interaccions mutualistes. No n'hi ha prou en preservar la diver­
sitat genetica i el potencial evolutiu, si no que s'han de conservar tambe els sis­
temes i processos que han evolucionat durant molt de temps i segueixen evolu­
cionat. Ales illes s'hi troben unes taxes relativament altes d'endemismes. Amb
cada especie endernica que se'n va, se'n poden anar tarnbe altres especies asso­
ciades a ella, i per tant, la diversitat biologica total es pot veure molt negativa­
ment afectada.
Paraules clau: Mutualismes, Illes, Pol-linitzacio, Dispersio de llavors,
Conservacio
The role of plant-animal mutualisms on insular ecosystems.
In the present study I examine the ecological importance of the mutualistic inte­
ractions between plants and animals in island ecosystems. In particular, I exami­
ne the role that pollination and seed dispersal by animals play on community
structure and on the maintenance of biological diversity. A number of examples
of peculiar interactions that have originated in different islands around the world
is examined as well as the consequences of mutualism disruption due to different
reasons such as habitat destruction, introduction of exotic species or an excesive
hunting. I also examine the factors that need to be considered to evaluate the
extinction risk of plants that have lost their animal mutualists and the mecha­
nisms that they possess to compensate for such losses. Finally, plant breeding
systems in islands and the mechanisms evolved to avoid the absolute dependen­
ce upon animals in these ecosystems are also considered.
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It is concluded that in any conservation program we need to incorporate the study
and facilitation of mutual is tic interactions. It is not enough to preserve the gene­
tic diversity and the evolutionary potential, but also the systems and processes
that have evolved for a long time and continue to evolve. In islands we find rela­
tively high rates of endemic taxa. Along each species that is gone, several other
species associated with it may also disappear, and thus, the total biological diver­
sity can be negatively affected.
Key words: Mutualism, Islands, Pollination, Seed dispersal, Conservation
Introduccie
Els mutualismes son un tipus d'interac­
cio ecologica que no ha cornencat a rebre I'a­
tencio que es mereix fins fa aproximadament
uns 20 anys. Les interaccions que Ii han fet
ombra durant molt temps, i a les que s'els hi
ha donat mes importancia com a fenomens
estructuradors de les comunitats, son la depre­
dacio i la competencia, Per altra banda, durant
molts anys hi ha hagut una gran manca d'in­
teraccio entre zoolegs i botanies, la qual ha
dificultat aquests tipus de recerques on s'estu­
dien simultaniarnent especies pertanyents a
diferents regnes.
A les illes, en particular, aquests estudis
encara son mes rars i les dades que tenim son
puntuals, de lIocs concrets, i no sabem encara
que tan generalitzables. En el present treball
s'ha intentat recollir gran part de la informa­
cio existent sobre aquest tema a les illes, i
com es podra constatar, queden encara moltes
preguntes a contestar i hipotesis a provar.
Abans d'entrar dins el tema dels mutua­
lismes a les illes, perc, i de la seva importan­
cia sobretot per al manteniment de la biodi-
"Les illes representen una font enormement
important dinformacio i una base, sense
paral-lels, per poder provar diverses teories
cientifiques. Perc aquesta importancia ens
imposa una obligacio, La seva biota es vulnera­
ble i molt valuosa. L'hem de protegir. Allo que
es perd una vegada es perdut per a sempre, ja
que molta de la biota insular es unica".
E. Mayr (/967)
versitat, cal fer una breu introduccio del que
son els mutualismes, quins tipus existeixen,
que es l'efectivitat d'un mutualista i quines
adaptacions presenten les plantes i els animals
mutualistes.
Definlclo de mutualisme
En ecologia, un mutualisme es el tipus
dinteraccio entre dues 0 mes especies on l'e­
fecte reciproc d'una especie sobre la taxa de
creixement poblacional de l'altra i/o la mida
de la poblacio es positiu. Des d'un punt de
vista evolutiu, s'enten per mutualisme aquell
tipus d'interaccio entre dues 0 mes especies
en el qual s'incrementen reciprocament l'e­
ficacia biologica (tambe anomenada "fitness"
o "adecuacio"), S 'han de distingir els mutua­
lismes simbiotics (on les especies viuen en
contacte fisic, com per exemple alguns bacte­
ris que viuen en els intestins dels herbivors)
dels no simbiotics (on les especies no viuen
juntes). Aqui es tractaran els segons, els quaIs
tenen una irnportancia ecologica molt gran.
Per altra banda, existeixen mutualismesfacul-
tatius, molt comuns en la natura, on la desa­
paricio d'una de les especies mutualistes no
necessariament resulta en l'extincio de I 'altra,
i mutualismes obligats, bastant rars a la natu­
ra, on hi ha una relacio molt estricta de
dependencia entre les especies.
Tipus d'interaccions mutualistes planta­
animal
Pol-linitzacio
Es la transferencia de pol-len que con­
dueix a la fertil-litzacio dels ovuls de les plan­
tes. Les plantes usen nectar 0 el mateix pol-len
per atraure els animals que han de transportar
aquest d'una flor a l'altra. La majoria d'an­
giospermes de les zones temprades son
pol-linitzades per insectes, i gairebe totes les
tropicals ho son be per insectes, be per ocells
o be per rates-pinyades,
Dispersio de !lavors
Es el transport de Ilavors Iluny de la
planta mare. La majoria de plantes usen fruits
que tenen una polpa (0 la mateixa llavor) rica
en nutrients per atraure ocells, mamifers, rep­
tils, formigues, etc. Eis animals que mengen
fruits s'anomenen frugivors i als que passen




dels 'depredadors', els quais digereixen -i,
per tant, rnaten- les Ilavors, i dels 'consumi­
dors de polpa', que no s'empassen la llavor i
sovint la deixen sota la planta mare 0 en llocs
on te una molt baixa probabilitat de germinar.
Aquest mutualisme es mes antic que el
de la pol-linitzacio. Ja des de fa uns 200
milions d'anys, els progenitors de les cicades
modemes tenien Ilavors camoses aparentment
adaptades per al consum pels reptils primitius
(Spome, 1965). A I'igual que les flors, els
fruits clarament adaptats per atraure animals
no apareixen de forma abundant al registre
fossil fins al Cretaci tarda, fa uns 65 milions
d'anys. Des de Ilavors la Terra ha vist una
increible proliferacio d'interaccions entre
fruits i ocells, rates pinyades, primats, ungu-
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lats i rosegadors que se'ls mengen. On aquest
mutualisme es rnes cornu es al bose tropical
plujos, on un 90% dels arbres i gairebe tots els
arbusts tenen fruits adaptats per atraure ocells
o mamifers. Per contra, es gairebe absent en
els deserts d' Africa i de I 'Orient Mitja (Howe
i Westley, 1988).
Proteccio (performigues)
Aquest es un tipus mes especific de
mutualisme on la planta suministra sucre 0
rnido de les seves fulles, tiges 0 brots a formi­
gues agressives que la defensen dels herbi­
vors (altres insectes 0 inclus vertebrats) 0 fins
i tot d'altra vegetacio que pot interferir amb el
seu creixement. Es el cas conegut de les aca­
cies, per exemple.
Adaptacions de les plantes
La seleccio natural exercida per dife­
rents animals amb diferents capacitats senso­
rials, requeriments nutritius i costums ha mol­
dejat una varietat molt gran d'adaptacions de
les flors, des de canvis en I'olor 0 color fins
en el nombre i forma de les flors. Aquestes
adaptacions son el que es coneix amb el nom
de 'sindromes de pollinitzacio
" els quais
associen diferents grups taxonomies de visi­
tants florals amb diferentes caracteristiques
de les flors. Aixi, per exemple, els escarabats
cerquen sobretot pol-len i visiten flors aplana­
des 0 amb forma de bol amb simetria radial,
les flors de colors variables (excepte el ver­
meil) que produeixen nectar i que tenen sime­
tria radial 0 bilateral son visitades gairebe
sempre per abe lies, les flors que funcionen
com a trampa i fan olor fetida atrauen sobre­
tot cal-liforids (mosques del ferns i dels cada­
vers), flors tubulars amb molt nectar i pol-len
viscos atrauen a papallones i/o falenes de llen­
gua Ilarga, als tropics les flors de colors vius i
tubulars son visitades principalment per
ocells, etc.
D'igual manera, hi ha els 'sindromes de
dispersio
"
que son el conjunt de caracteristi­
ques dels fruits (forma, color, olor i qualitat
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nutritiva) associades a diferents tipus de dis­
serninacio de les Ilavors i que tarnbe represen­
ten respostes adaptatives a la seleccio pels
animals que consumeixen els fruits i disper­
sen les Ilavors intactes. Aixi, per exemple, les
Ilavors amb elaiosoma son dispersades per
formigues; els fruits petits de color vermeil,
blau, verd 0 negre son gairebe sempre disper­
sats per ocells (aixo no vol dir, pero, que no
puguin ser dispersats per altres animals a la
vegada, com camivors, per exemple); les
rates pinyades solen dispersar Ilavors de fruits
de color verd 0 groc amb olor de mesc, els
fruits 0 Ilavors que alguns marnifers amaguen
(i despres poden oblidar) solen ser marrons,
poe olorosos i fruits indehiscents amb una
coberta dura, etc.
Hi ha alguns fruits que s'enganxen als
pels 0 ales plomes dels animals i poden ser
transportats de forma passiva mils de quilo­
metres (arribant aixi a illes oceaniques que
estan Iluny de la costa continental). Aquests
fruits no Ii aporten res a I'animal i, per tant, la
interaccio no es mutualista. Tampoc es
mutualista la interaccio indirecta que existeix
entre alguns animals que n'ingereixen uns
altres que mengen Ilavors 0 fruits; aquest es el
cas, per exemple, del mussol de les Galapagos
(Asia flammeus) que menja pinsans
(Geaspiza) els quaIs poden tenir llavors de
Chamaesyce amplexicaulis en el pedrer, 0 el
cas dels capsigranys (Lanius) que dispersen
llavors indirectament a I' ingerir sargantanes
que havien consumit fruits previament a ser
cacades, com s'ha trobat ales illes Canaries
(Nogales, aquest volum).
Adaptacions dels animals
Talment com les plantes, els animals
pol·linitzadors i els dispersors de llavors
tarnbe tenen adaptacions en llur morfologia,
fisiologia digestiva i capacitats sensorials per
trobar i consumir el nectar i/o pol· len de les
flors i els fruits.
Com a exemple d'adaptacions morfolo­
giques dels pol-linitzadors tenim les llengiies
retractables de les falenes esfingids 0 els
llargs bees dels colibris, que els hi permeten
pol·linitzar flors de tub llarg. Les abelles estan
equipades amb unes estructures al tars, ano­
menades corbicules, usades per transportar el
pol· len cap al niu. Les rates pinyades nectari­
vores tenen llengues prensils que els perme­
ten succionar el pol· len 0 el nectar del fons de
les flors, agafant pol· len en el proces i trans­
portant-lo a altres flors. Un colibri de 5 grams
o un esfingid consumeix unes 18 calories per
minut mentre esta mantenint-se en I'aire en
front d'una flor; aquest metabolisme tan alt
els hi permet visitar dil-ligentment cents de
flors cada dia 0 nit i a la vegada moldeja
caracters de les plantes, com pot ser la quan­
titat i/o qualitat de nectar produit (Ies plantes
que tenen aquests pol·linitzadors tan efectius
produeixen un nectar mes ric en sucres que les
que son visitades per insectes amb unes
necessitats metaboliques mes baixes). Les
capacitas sensorials difereixen molt entre
visitants florals, i per tant, tarnbe afecten l'e­
volucio de les flors usades per diferents
pol-linitzadors, L'ull compost de les abelles,
per exemple, es receptiu a un espectre visual
molt rnes ampli que el de I'ull huma. Moltes
flors que a nosaltres ens semblen d'un groc 0
blanc solid, per ales abelles, que perceben la
llum ultraviolada, tenen diferents patrons els
quaIs actuen com a 'guies' del nectar i les
dirigeixen als estams i estigmes de la flor.
Diferents taxons d'insectes son sensibles a
diferents porcions de I'espectre de colors, dei­
xant a la planta la possibilitat de mostrar un
ampli conjunt de senyals que son invisibles
per als humans. D'igual manera, els insectes
tenen una percepcio de la forma i dels olors
diferents a la nostra. Les abelles detecten 1'0-
lor dolca aixi com les mosques vironeres
detecten I'olor de protelna podrint-se, i per
tant no es sorprenent que les flors pol-linitza­
des per abelles facin 'bona' olor i les pol-Iinit­
zades per mosques facin olor de 'ranci' 0 de
podrit. Les pol·linitzades per colibris, per con­
tra, no fan olor perque aquests, com quasi tots
els ocells, tenen un sentit de I'olfacte molt poc
desenvolupat. Les flors pol-linitzades per
aquests ocells fan poca olor 0 no en fan gens.
Els animals frugivors tenen tambe unes
adaptacions que resulten no de la seleccio per
a disseminar lIavors, sino per cercar i digerir
el menjar de forma eficient. Aixi, sovint tenen
visio del color, 0 modificacions en els intes­
tins que els ajuden a processar els fruits rapi­
dament. Els fruits son deficients en proteines.
Els frugivors han de menjar cada dia, en pro­
mig, 2 grams de fruit per cada gram de pes
corporal per a poder extraure suficient protei­
na per al seu manteniment (Moermond i
Denslow, 1985). Per tant, 0 be suplementen
lIur dieta amb insectes 0 be han de limitar el
temps que passen processant fruits. Si no son
especialment frugivors, no solen tenir rnodifi­
cacions digestives distintives (vegeu, per
exemple, Herrera, 1984). Els animals especia­
listes en consumir grans quanti tats de fruits
han abreviat el seu tracte digestiu, cosa que
accelera el pas de les lIavors i assegura el seu
tractament suau. Per exempIe, el colon d'una
rnoneia aranya (Ateles), un important frugi­
vor, es molt mes petit que el d'una moneia
udoladora (Alouatta), especialista en menjar
fulles, malgrat arnbdos tenen una mida sern­
blant. Els ocells completament frugivors
tarnbe tenen un intesti rnes curt, no tenen
gavatx 0 el tenen molt reduit, i tenen un
pedrer amb una paret molt prima, no muscu­
lar (veure revrsro a Jordano, 1992).
Recentment, s'ha suggerit que la polpa d'al­
guns fruits conte unes substancies que actuen
com a 'Iaxants' i que disminueixen el temps
de retencio de les lIavors en I'intesti, cosa que
s'ha interpretat com a una adaptacio de les
pI antes per augmentar la supervivencia de les
lIavors (Murray et al., 1994, pero veure tambe
Witmer, 1996).
Els frugivors rarament s'especialitzen
en una 0 poques especies de plantes. Aixo es
degut a que els frugivors viuen mes temps que
el periode de fructificacio d'una planta i a que
els fruits d'una especie no son suficients per a
una dieta equilibrada. Alguns ocells, pero,
tenen preferencies molt fortes per a determi­
nades morfologies dels fruits. Per exemple,
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els ocells del paradis de Nova Guinea prefe­
reixen fruits encapsul-lats mentre que els
coloms asiatics en els mateixos boscos prefe­
reixen baies i drupes (Pratt i Stiles, 1985).
A vegades, algunes relacions planta­
frugivor semblen molt fortes i estretes (sovint
anomenades 'coevolutives'). Aquestes son
sovint degudes a una gran abundancia local
de menjar que comporta una resposta local del
frugivor a la seva recerca. EI fet de ser abun­
dants i predibles fonts d'aliment fan que un
frugivor determinat es pugui 'especialitzar'
en aquest aliment, pero aquesta interaccio es
mes ecologica que evolutiva. En aquest tipus
de mutualisme, no hi ha el cas paral-lel de les
figues i les seves avespes pol-linitzadores 0 el
de I'estreta relacio entre la iucca i la seva fale­
na pol·linitzadora. Les veritables interaccions
coevolutives impliquen canvis genetics adap­
tatius en les dues especies, els quaIs es pro­
dueixen al lIarg del temps com a resposta
especificament a lIur interaccio. Encara que
existeixen, no son gens facils de demostrar
(veure rnes abaix, la seccio que tracta sobre
les relacions de dependencia ales illes).
Aspectes quantitaiu i qualitatiu de1s
mutualismes. Efectivitat del mutualista
No tots el pol-Iinitzadors i dispersors
son igualment efectius per a la planta.
Anomenem efectivitat a la contribucio que el
pol-linitzador 0 el dispersor fa a la futura
reproduccio d'una planta (Schupp, 1993). Els
mutualistes mes efectius per a la planta son
els que poden exercir una important pressio
de seleccio sobre diferents caracters d'a­
questa.
L'efectivitat te dos components, un
quantitatiu i un qualitatiu. En el cas de la
pollinitzacio, el component quantitatiu depen
de: (a) el nombre de visites del pol-linitzador
ala planta i (b) el nombre de flors visitades en
cada visita a la planta. EI component qualita­
tiu (que mostra l'eficiencia del pollinitzador)
esta en funcio de: (a) la frequencia de trans­
ferencia de pol' len, (b) la carrega de pol' len
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depositada sobre els estigmes, (c) la seleccio
de I'estadi sexual de la flor i (d) el patrons de
distancies de vols entre flors. En el cas de la
dispersio de lIavors, el component quantitatiu
depen de: (a) el nombre de visites del disper­
sor a la planta i (b) el nombre de lIavors dis­
persades en cada visita, i el component quali­
tatitu de: (a) el tractament de la lIavor en la
boca i tracte digestiu i (b) la qualitat de depo­
sicio de les lIavors, determinada per la proba­
bilitat de que una lIavor sobrevisqui a la fase
adulta.
En I'estudi de l'evolucio de les interac­
cions mutualistes, doncs, hem de considerar
aquests aspectes. Per poder saber que tan
important es un pol·linitzador per a una espe­
cie vegetal determinada, hem de coneixer tot
el conjunt de visitants florals i determinar la
seva efectivitat relativa a la dels altres.
Exactament la mateixa cosa passa en el cas
dels mutualismes planta-dispersor, Ames, la
variacio en I'espai (entre arees 0 entre IIocs
dins d'un area) i en el temps en el conjunt d'a­
quests mutualistes es tradueix, obviament, en
variacio en aquests dos components.
Diferents composicions taxonorniques poden
tenir unes diferents pressions de seleccio
sobre la planta, creant un mosaic de "regirns
selectius" (Herrera, I 988, Thompson, 1994).
Per entendre l'evolucio d'una interaccio
mutualista, per tant, hem de coneixer tambe
aquesta variacio en les dues escales.
Les iIIes com a originadores d'interaccions
peculiars
Les illes es caracteritzen per una flora i
fauna disharmoniques amb una fraccio varia­
ble d'especies enderniques. Entenem per dis­
harmonia una composicio i proporcio de les
diferents families que difereix de la flora i
fauna de la regie d'origen ('font'), gairebe
sempre el continent mes proper.
Les faunes de pol-linitzadors ales iIles
son, en general, molt mes pobres que al conti­
nent, alguns grups estant fins i tot absents.
Aixo s'ha constatat ales iIIes Hawaii
(Howarth i Mull, 1992), a les Galapagos
(McMullen, 1987) i a Nova Zelanda (Lloyd,
1985). Com mes petita es I'illa, mes empobri­
da es la fauna. La distancia de I'illa al conti­
nent (0 a una ilIa molt rnes gran) tambe esta
relacionada (negativament) amb la diversitat
de pol·Iinitzadors, tant d'insectes (Inoue et aI.,
1996) com d'ocells (Feinsinger et aI., 1982).
Ames, els insectes tendeixen a ser mes gene­
ralistes a les illes, visitant un ampli rang de
taxons i per tant reduint les oportunitats d'e­
volucio d'una interaccio planta-pollinitzador
especialitzada (Barrett, 1996). Ales illes
oceaniques, en particular, s'hi ha trobat una
representacio desproporcionadament mes
gran d'insectes de mida petita, cosa que pro­
bablement reflecteix la seva major capacitat
de migracio (Barrett, 1996).
A continuacio es presenten una colla
d'exemples d'illes on han evolucionat dife­
rents mutualismes planta-animal i on aquests
semblen ser de gran importancia per a l'es­
tructura de les comunitats vegetals i per a la
diversitat en general.
Krakatoa
Aquesta ilIa tropical ha estat colonitza­
da, des de l'erupcio volcanica que hi tingue
1I0c al 1883, per un gran nombre de plantes
arribades mitjancant transport per ocells i
rates pinyades. Un estudi realitzat per
Whittaker i Jones (1994) mostra que un 30%
de la flora total de l'ilIa hi ha arribat i s'ha
expandit mitjancant endozoocoria (veure
Taula I). A part de la dispersio, ocelIs i rates
pinyades poden tenir papers importants com a
pol·linitzadors. Les rates pinyades mengen
pol· len 0 nectar d'almenys sis especies a
Krakatoa. Tambe hi ha varies especies d'o­
celIs nectarivors i que pol·linitzen flors en
aquesta ilIa.
Illes del Pacific Sud
Aquestes illes son probablement el 1I0c
del mon on la importancia dels vertebrats
frugivors i pol·linitzadors en I'estructura dels
ecosistemes es mes gran (Cox et aI., 199 I,
1992). Un 30-50% de les plantes presents son
enderniques, i uns 31 generes pertanyents a 14
families d'angiospermes son pol·linitzades
per Megachiroptera, especialment pel genere
Pteropus (Marshall, 1985). A part de pol-linit­
zar, aquestes rates pinyades consumeixen els
fruits d'unes 64 especies de pi antes ales illes
de la Poli-, Micro- i Melanesia (Marshall,
1985). Al dependre d'un nombre limitat de
pol·linitzadors i de dispersors, la vulnerabili­
tat de les pi antes a una possible extincio es
molt gran. A I'illa de Samoa, en particular, el
30% dels arbres depenen, total 0 parcialment,
de rates pinyades per a lIur pol-linitzacio 0
dispersio, Aquests mamifers juguen un paper
molt important mantenint la diversitat del
boscos. Poden volar 5-10 km 0 rnes entre
taques de bose per aconseguir fruits, cosa que
es important per als patrons de flux genic i
dispersio a lIarga distancia. Hi ha una especie
d'arbre, Ceiba pentandra (Bombacaceae),
introduit a Samoa pels aborigens, que es
pol·linitzat sols per una especie de rata pinya­
da (Pteropus tonganus), mentre que al conti­
nent (Africa occidental, india, Brasil, Peru,
Mexic) te altres pol·linitzadors (insectes,
ocells, rates pinyades i mamifers no vola­
dors). Igualment, Freycinetia reineckei es una
liana que al continent es pol·linitzada per un
grup ample de vertebrats pero a Samoa depen
d'una rata pinyada, P. samoensis, i d'un estor­
nell natiu, Aplonis artifucus (Cox et aI.,
1991).
Les rates pinyades, sobretot del genere
Pteropus, han disminut molt lIurs poblacions
ales illes Pacifiques degut sobretot a la per­
dua d'habitat, a l'exces de caca, als tifons i a
la introduccio de depredadors. Son els unics
marnifers frugivors-nectarivors presents a la
majoria d'illes del Pacific. Encara que lIur
distribucio va des de Madagascar fins ales
illes Cook, 46 de 1es 56 especies es troben a
I'est de l'ocea indic. Esta documentat que
diferents especies de Pteropus visiten rnes de
92 generes de piantes de 50 families (Cox et
aI., 1991). Son els dispersors, i probablement
els pol·linitzadors, mes importants de Samoa.
Per coneixer les consequencies de lIur desa­
paricio, Cox et al. (1991) han proposat estu-
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diar l'exit en la pol-linitzacio, dispersio i esta­
bliment de plantules a l'illa Guam, on algunes
especies de rates pinyadesja han descornpare­
gut 0 son molt rares (Fujita i Tuttle, 1991).
Aquests autors tenen ja evidencia preliminar
de que hi ha una reduccio en l'exit d'algunes
pi antes i han suggerit que els pol·linitzadors i
dispersors paden estructurar els ecosistemes
d'illes remotes de la mateixa manera que els
depredadors estructuren algunes comunitats
continentals 0 intermareals. Aquesta hipotesi
te, obviarnent, importants implicacions per a
les estrategies de conservacio, ja que sugge­
reix com a prioritat la identificacio i proteccio
dels pol·linitzadors i dispersors ales illes
oceaniques.
Nova Zelanda
A aquestess illes trobem una colla d'in­
teraccions planta-animal molt peculiars. Una
d'elles es la de la pol-linitzacio per dragons
(Gekkonidae). La nectarivoria per reptils es
un fenomen bastant rar que fins ara nornes
s'ha descrit a unes quantes Illes (Nova
Zelanda, Madeira, Seychelles, Bonaire -a 1es
Antilles Petites-, i tambe a Balears). Eis dra­
gons del genere Hoplodacty/us de Nova
Zelanda mengen el nectar de diferents espe­
cies de plantes, col·lectant, sobretot a la gar­
gamella i al morro, gran quantitat de pol· len el
qual poden transportar durant bastantes hores
(almenys 12) a molts metres de distancia
(Whitaker, 1987). Ames, tambe son disper­
sors efectius de llavors de moltes especies
(Whitaker, 1987). EI drago de mida rnes gran
(Hop/odacty/us de/courti) esta actua1ment
extingit i, segons alguns autors (Webb i Kelly,
1993), podria haver dispersat fruits grans.
Lloyd (1985) va revisar la biologia flo­
ral de Nova Zelanda concloent que hi han
molt pocs casas de pol-linitzacio especialitza­
da. Eis insectes son els mes comuns, encara
que hi ha unes 30 especies (per exemple,
Fuchsia, Sophora i Phormium) pol·linitzades
per ocells nectarivors, com son l'ocell campa­
na 0 el tui (de la familia Meliphagidae) i,
recentment, s'ha descrit un cas d'especialitza­
cio entre aquests ocells i varies especies de
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expansio endozoocora (ocells i/o
rates-pinyades)
Colonitzacio per la mar, expansio
endozoocora
Total introduccio i/o expansio zoocora
124





(42% de les angiospermes)
Taula 1. Nombre d 'especies de plantes trobades a Krakatoa entre el 1886 i el 1992 que son dis­
persades per ocells i rates-pinyades. Dades de Whittaker i Jones (1994).
Table 1. Number ofplant species found in Krakatoa between 1886 and 1952 that are dispersed
by birds and bats. Datafrom Whittaker and Jones (1994).
vesc (Peraxilla, Loranthaceae) (Ladley i
Kelly, 1995). Comparat amb Australia 0 amb
America central, perc, Nova Zelanda te molt
pocs ocells nectarivors, i no hi ha cap planta
que sols depengui dels ocells pel' a lIur ferti­
litzacio,
Una altra interaccio peculiar, i que sem­
bla ser un mutualisme obligat, ha estat descri­
ta recentment a Nova Zelanda i es I'existent
entre una rata pinyada (de cua curta) endemi­
ca, Mystacina tuberculata, i una planta bas­
tant rara parasita, dioica, i tambe endemica,
Dactylanthus taylorii (Balanophoraceae)
(Webb i Kelly, 1993). La rata pinyada viatja
distancies lIargues per alimentar-se de les
grans quanti tats de nectar que produeixen les
flors i menja, sovint, a nivell de terra, habit
que ha pogut evolucionar sols a un ambient
lIiure de marnifers depredadors. Aquesta inte­
raccio ha evolucionat segurament durant
milions d'anys des de la separacio de Nova
Zelanda de Godwana. Les dues especies estan
actualment amenacades d'extincio degut a la
introduccio de mamifers exotics, com son cis
opossums australians 0 les rates de Polinesia,
els quais destrueixen les flors i eviten la pro­
duccio de lIavors.
A Nova Zelanda, un 70% de les plantes
lIenyoses te fruits camosos, la majoria dels
quais presenten les caracteristiques tipiques
dels dispersats per ocells. A la vegada, un
70% dels ocells forestals natius son frugivors,
Eis principals dispersors actualment son els
coloms, anomenats kereru (Hemiphaga
novaeseelandiae), el tui (Prosthemadera), els
ocells-campana (Anthornis), els "ulls de
plata" ("silvereyes", Zosterops) i altres intro­
dui'ts per l'home com son la mel-Iera (Turdus
merula) i el tord (Turdus philomelosi. Unica­
ment els col oms son capacos de dispersal' els
fruits grans (de mes d'un centimetre de dia­
metre), incloent els d'almenys II especies
d'arbres natius (Clout i Hay, 1989).
Malauradament, les poblacions d'aquests
coloms tambe han minvat molt despres de I'a­
rribada dels humans i dels predadors que
aquests van introduir. Ales illes Chatham, per
exemple, els kereru son rarisims actualment, i
a I'illa Raoul han estat recentrnent extingits.
Altres ocells que poden haver estat importants
dispersors i que ara estan extingits son I 'huia
(Heteralocha acutirostris), un tord, anomenat
piopio (Turnagra capensis), 0 els moes (II
especies de sis generes en les families
Dinomithidae i Anomalopterygidae). Altres
son pocs comuns, com els kiwis (Apteryx
spp), el kokako (Callaeas cinerea) 0 el weka
(Gallirallus australis) (Clout i Hay, 1989).
Aquesta perdua de dispersors potencials ha
tingut lIoc per tota Polinesia, pero no es
coneixen encara quines han estat les con­
sequencies sobre els patrons de regeneracio
del bose.
Madagascar
A aquesta ilia hi trobem un tipus de
relacio planta-pol·linitzador (mica, i es I'exis­
tent entre una especie d'arbre, el ravin-ala 0
arbre dels viatjers, Ravenala madagascarien­
sis (Strelitziaceae) i un lemur, el lemur de
collar, Varecia variegata, ambdos endemics
de Madagascar. L'arbre fa uns 30 m d'alcaria
i es troba per sota dels 1000 m, sobretot a I'est
de I'illa i en 1I0cs molt plujosos. SembI a ser
que aquest arbre esta especialitzat per la visi­
ta d'animals grans no voladors: te les inflo­
rescencies sota la copa les quaIs son molt
accessibles als animals arboricoles, te flors
grans protegides per unes bracties que reque­
reixen forca per obrir-Ies, uns pistils a mena
de 'varilles' que resisteixen el maneig del
visitants, i una gran abundancia de nectar,
amb una gran concentracio de sucre que pot
oferir al visitant durant una lIarga estona. Els
ecolegs que han estudiat aquest sistema
(Kress et aI., 1994) han trobat que aquest
lemur visita consistentment i gairebe exclusi­
vament les flors del ravin-ala, que transporta
en el seu pel grans quantitats de pol· len entre
flors dins del mateix arbre i entre arbres dife­
rents, que no destrueix les flors al cercar el
nectar -com fan altres especies de lemurs- i
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que es bastant depenent del nectar produit
durant epoques especifiques de I'any. Aquests
autors hipotetitzen que aquesta associacio es
arcaica, encara que creuen que no es coevolu­
tiva: els lemurs no depenen d'una unica espe­
cie de planta i la planta sembla ser visitada per
altres animals en altres arees, L'arbre ha estat
introduit ales illes Maurici i Reunio, i tambe
a Australia, i en aquests lIocs es pol·linitzat
per rates pinyades del genere Pteropus.
Sussman i Raven (1978) hipotetitzaren
que les relacions entre els mamifers no-vola­
dors i les plantes han persistit en arees del
mon on els visitants florals voladors, mes
recentment evolucionats, hi son absents 0 poe
importants. En aquest sentit, Madagascar te
sols tres especies d'ocells i tres de rates pin­
yades que son nectarivores. Almenys dins de
la familia Strelitziaceae, aquest sistema de
pol-linitzacio planta-lemur sembla ser molt
antic. Els resultats d'analisis filogenetiques
indiquen que Ravenala es el genere rnes pri­
mitiu de la familia i que probablement s'hau­
ria originat al Cretaci. Els altres dos generes
son pol-linitzats be per ocells 0 be per rates
pinyades, posseint cada un dels generes els
caracters especialitzats (autopomorfies) per a
cada tipus particular de pol-linitzacio. Kress
et al. (1994) suggereixen que els caracters
associats a la pollinitzacio pels lemurs en
Ravenala es varen originar al taxon ancestral
de la familia. Els caracters plesiornorfics
s'han mantingut al genere Ravenala mentre
que als dos generes derivats han aparegut
caracters mes especialitzats per a la pol·linit­
zacio, Sembla ser que els lemurs es diversifi­
caren a I'est d'Africa a principis 0 mitjans del
Terciari, mes 0 menys quan es va originar
aquesta familia de plantes. Alguns ancestres
dels lemurs 0 d'algun lIinatje de mamifers
primitiu, present a I'Africa durant el Cretaci
tarda 0 principis del Terciari, haurien pogut
ser els visitants florals dels taxons ancentrals
d'aquesta familia. EI sistema Ravenala-Iemur
ha persistit en una regio aillada geografica­
ment i que avui es mante molt empobrida en
vertebrats voladors que van ales flors. Els
altres dos generes han radiat en arees on hi ha
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molts ocells nectarivors (Strelitzia a l'Africa)
o moltes rates pinyades nectarivores
(Phenokospermum a Sudamerica).
A part de Ravenala, a Madagascar s'hi
troba una altra planta, una lleguminosa ende­
mica (Strongylodon craveniae), que sembla
estar adaptada tarnbe per a la pol-linitzacio
per lemurs. Encara que les flors son tarnbe
visitades per ocells i insectes, els unics
pol-linitzadors eficacos per a la planta son
aquests primats (Nilsson et aI., 1993). Segons
aquests autors, hi ha una bona colla de plantes
amb caracters morfologics i funcionals que
evidencien una pol-linitzacio per lemurs.
Aquests animals, ames, mengen fruits i
actuen com a dispersors d'una llarga llista de
plantes.
Hawaii
En aquestes illes se troben unes 850
especies de plantes endemiques, un 70% de
les quais son pol-linitzades per insectes, men­
tre que un altre 18% (totes llenyoses) ho son
per ocells. Ames, gairebe la meitat de la flora
produeix fruits carnosos, cosa que suggereix
dispersio endozoocora (Sakai et aI., 1995).
Galapagos
Son tambe illes oceaniques que conte­
nen unes 550 especies de plantes amb flors.
N'hi ha unes 250 d'endemiques, S'hi troben
quatre generes endemics, tots de la familia de
les compostes, la rnes exitosa en dispersio a
llarga distancia. Comparat amb les Hawaii,
aquest percentage d'endemismes es relativa­
ment baixo Aixo i la proximitat d'aquests
generes amb els del continent corroboren que
aquestes illes son relativament recents. Les
plantes compostes son les mes abundants i,
juntament amb els cactus, son les mes interes­
sants. Eis grups amb poca capacitat de disper­
sio hi son poe abundants. La majoria d'espe­
cies semblen haver arribat de Sudamerica, i
un menor nombre des de Mexic i America
central.
Hi ha pocs mamifers autoctons vivents
(unes poques especies de ratolins), i tant les
iguanes del genere Conolophus com les tortu-
gues gegants (Geochelone spp.) son les enca­
rregades de dispersar les llavors de les cacta­
cies (Racine i Downhower, 1974; Christian et
aI., 1984). Aquestes cactacies juguen un paper
molt important a la comunitat, sobretot els
generes Cereus (c. thouarsii i C. nesioticus) i
Opuntia (0. echios, O. megasperma, 0. zaca­
na, etc.), essent les mes abundants despres de
les compostes.
Aldabra
En aquesta illa, situada al nord-oest de
Madagascar, hi ha tambe tortugues gegants,
Geochelone gigantea, que dispersen les lla­
vors de bastantes plantes (almenys 28 espe­
cies de graminees, herbes 0 plantes llenyoses;
Hnatiuk, 1978). G. gigantea, segons aquest
autor, hauria derivat d'un grup de Madagascar
(extingit de I'illa fa uns I 100 anys) per migra­
cio ultramarina i, molt probablement, es la
responsable de la introduccio de gran part de
la flora a Aldabra. Se sap que el temps de
retencio del menjar en l'estornac d'una tortu­
ga es mes llarg que el requerit per flotar des
de Madagascar a Aldabra. I
Ba/ears
En aquestes illes, i en totes les de la
Mediterrania en general, hi ha un gran desco­
neixement de la biologia reproductiva de la
flora, i per tant, no tenim la informacio
necessaria de moment per poder afirmar si els
mutualismes planta-animal hi juguen un
paper important en l'estructura de les comuni­
tats. De la flora total existent a Balears (unes
2230 especies), aproximadament un 7% es
endernica, incloent subespecies i varietats, i
un 90% d'aquests endemismes te flors visto­
ses, suggerint pol-linitzacio entornofila (enca­
ra que les dades de les que disposem fins ara
indiquen que moItes d'aquestes son tambe
pol-linitzades pel vent). La dispersio endo­
zoocora (produccio de fruits carnosos) es
dona sols en un 3% de la flora total i en un 8%
dels endemismes.
Igual que a la majoria d'illes, ales
Balears tambe es troben interaccions planta­
animal interessants, com es el cas del mutua-
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Figura 1. Podarcis lilfordi alimentant-se de nectar de Iletretra arbustiva (Euphorbia dendroides)
a I'illa de Cabrera. Foto J. Vicens.
Figure 1. Podarcis lilfordifeeding on Euphorbia dendroides nectar in Cabrera. Photo J. Vicens.
lisme establert entre les sargantanes endemi­
ques del genere Podarcis i un grup divers de
plantes. Aquest mutualisme sembla ser
important, almenys en algunes de les illes on
la fauna es relativament pobra. Les dues espe­
cies de sargantanes de les Balears, Podarcis
lilfordi i Podarcis pityusensis, amb unes 40
subespecies presents en diferents illes i illots,
tenen habits herbivors (Fig. I) i s'ha trobat
que intervenen en la reproduccio i dispersio
d'una colla d'arbusts i herbacies, com son:
Cneorum tricoccon, Euphorbia dendroides,
Euphorbia characeas, Ephedra fragilis,
Rhamnus ludovici-salvatoris, Phillyrea spp.,
Juniperus phoenicea, Chritmum maritimum,
Dracunculus muscivorus, Arum pictum 0
Arum italicum, etc. (Traveset, 1995a; Saez i
Traveset, 1995; Perez-Mellado i Casas, 1997;
Traveset i Saez, 1997; Traveset, in prep.).
Una de les interaccions planta-sargan­
tana rnes interessants trobades fins ara sembla
ser la que existeix amb l'olivella (c. tricoc­
con), un arbust de la familia de les Cneoracies
que te una distribucio limitada a l'oest de la
Conca Mediterrania i que es moderadament
comuna ales illes Balears, especialment dins
la maquia costera (Fig. 2). Aquesta planta
produeix unes drupes amb gran quantitat de
polpa, de color vermeil quan madura, i que,
curiosament, no son consumides per ocells
com caldria esperar pel seu aspecte extern
(Traveset, I 995a). En canvi, .ant Podarcis li/­
fordi ales Gimnesies com P. pityusensis a
Eivissa i Formentera consumeixen importants
quanti tats d'aquests fruits, actuant com a legi­
tims dispersors, es a dir, defecant llavors com­
pletament intactes i capaces de germinar
(Traveset, I 995a). A Mallorca i a Menorca,
els marts (Martes martes) i en menor grau les
genetes (Genetta genetta) son actualment els
principals dispersors d'aquesta planta, encara
que, com se sap, ambdos son carnivors que
han estat introdu'its per l'home i, per tant, Ilur
interaccio amb la planta es relativament
recent. L'unic altre membre de la familia
Cneoraceae es Neochamaelea pulverulenta,
arbust endemic de les Canaries, el qual es dis­
persat per Ilagardaixos del genere Gal/otia
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Figura 2. Olivella (Cneorum tricoccon) amb fruits madurs que son consumits per sargantanes i
marts ales illes Balears.
Figure 2. Cneorum tricoccon maturefruits that are consumed by lizards andpine martens in the
Balearic Islands.
(Valido i Nogales, 1994). Estern, doncs,
davant d'una interaccio que sembla ser molt
antiga. L'olivella pertany al grup de plantes
relictuals que evolucionaren durant el Terciari
primerenc, sota unes condicions climatiques
tropicals (Raven, 1973). Per altra banda, els
fossils mes antics de sargantanes trobats a
Balears corresponen al Mioce Superior
(Alcover et aI., 1981), malgrat es possible que
aquests reptils estiguessin ja en aquestes illes
des de molt abans (a la Peninsula Iberica i a
Europa, els fossils mes antics de lacertids son
de l'Eoce; 1. Barbadillo, com. pers.). No
podem tampoc descartar el possible efecte de
les tortugues gegants (Cheirogaster spp.) com
a dispersores de l'olivella, i pot ser tambe
d'altres plantes; fossils de tortugues han estat
trobats tant a Mallorca i Menorca com a
Eivissa (Bour, 1985; Alcover, com. pers.). A
Eivissa i a Menorca, s'han trobat fossils de
llavors d'olivella que corresponen al Plio­
Pleistoce i que tenen una mida i estructura
molt semblant ales produides avui, cosa que
indica que les press ions de seleccio que han
actuat sobre les caracteristiques de Is fruits
han sigut molt debils durant molt temps i que
aixo pot haver estat degut a una constancia en
el sistema de dispersio (Traveset, 1995a).
Consequencles del trencament d'un
mutua lisme ales ilIes
EI mutualisme entre dues especies pot
arribar a situacions critiques quan un membre
de la parella s'extingeix 0 redueix molt les
seves poblacions. Aquesta situacio es mes
facil que es doni ales illes que al continent
degut ala menor quantitat d'especies vegetals
i animals. A continuacio es presenten una
serie d'exemples on es veu quines consequen­
cies ha tingut el trencament d'un mutualisme
a diferents illes del mono
Els dodos de I'illa Mauriei
EI dodo (Raphus cucullatus), un ocell
no-volador de gran mida,ja extingit degut ala
caca pels exploradors cap al 1675, era un
ornnivor que menjava fruits i Ilavors i posseia
un pedrer molt musculos, Els fruits de I'arbre
tambalacoque (Calvaria major, Sapotaceae)
ten en una polpa molt camosa i una llavor molt
dura que no es digerida per cap dels frugivors
indigenes actuals. A I'actualitat, els tambala­
coques son rars i hi ha molt pocs arb res joves
que creixin de forma natural. Les llavors rara­
ment germinen a no ser que siguin descarifi­
cades. Temple (1977) hipotetitza que els fruits
d'aquest arbre tenien aquesta llavor indestruc­
tible degut a la possible depredacio pels
dodos, i que aquests havien evolucionat
aquest pedrer tan poe cornu, ple de pedres, per
poder menjar-se aquests fruits els quaIs eren
tan abundants en aquells temps. Curiosament,
indiots que han estat introduits a I'illa tren­
quen i digereixen algunes llavors pen) tambe
en passen intactes unes altres que germ inen
poc despres de ser defecades. Aquest exemple
tan tipic de coevolucio planta-dispersor ha
estat posteriorment 'desmitificat' per uns eco­
legs (Witmer i Cheke, 1991), els quaIs han
trobat arbres joves en altres habitats i que la
llavor pot germinar quan algun animal, com
pot ser un rosegador, consumeix la polpa que
l'envolta, aixi eliminant els inhibidors de la
germinacio.
Eis moes de Nova Zelanda
Els moes inclouen alguns dels ocells
mes grans que han existit mai (podien superar
els 3 m dalcaria i pesaven entre 20 i 200 kg).
Encara que el registre fossil mes antic data de
fa uns dos milions d'anys, sembi a que ja hi
havia moes des de molt abans, segons estudis
moleculars. Eren ocells herbivors que no hau­
rien tingut cap mena de cornpetencia amb
rnamifers ni reptils i Ilur unic depredador hau­
ria estat I 'aguila gegant de Nova Zelanda,
Harpagornis moorei, tarnbe descompareguda.
L'extincio dels moes va ser molt rapida i fou
deguda a I 'arribada dels Polinesis a I'illa, fa
uns 1000 anys (Cooper et aI., 1993). Als seus
pedrers fossilitzats s'hi han trobat, entre fulles
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i branquetes, Ilavors de varies especies
(Burrows et aI., 1981) cosa que suggereix que
les podrien haver dispersat, perc malaurada­
ment aixo no es pot demostrar. S'esta encara
especulant molt sobre quin efecte varen tenir
sobre la vegetacio i si varen ser el factor de
seleccio principal sobre alguns caracters de
les plantes, com son la fenologia, la morfolo­
gia, la quirnica de les fulles, etc.
Els polinesis descobriren Nova Zelanda
fa uns mil anys, i durant els seguents segles
varen desacoplar la majoria de sistemes plan­
ta-herbivor, Dinornis es el genere de moes del
que hi ha rnes informacio. Sembi a ser que
actuaven com a cervols, vaques 0 cabres i que
llur sistema digestiu estava especialitzat de
forma semblant per poder digerir lignina i
cel·lulosa (Batcheler, 1989). Actualment, en
la vegetacio de Nova Zelanda la majoria de
plantes caducifollies i de plantes verinoses
son de baixa mida, dominant sovint els pri­
mers estadis de la successio, les clarianes, els
marges i la vegetacio oberta. Aixo, segons
Batcheler (1989), es consistent amb la hipote­
si de que el brosteig dels moes va constituir
una forca de seleccio significativa.
L'ocell campana, el tui i el cotom de l'ilIa
Chatham
A l'illa Chatham, a I'est de Nova
Zelanda, es troba una especie d'arbre petit, el
kowhai (Sophora microphylla), que sembla
haver perdut els seus pol·linitzadors (Given,
1995). Les flors produeixen nectar en
abundancia i segurament eren pol·linitzades
per ocells-campana i per tuis. Degut a la frag­
rnentacio dels habitats que ha tingut lloc
despres de l'establiment dels europeus durant
el segle XIX, amb la consequent gran extincio
d'ocells, tant l'ocell campana com el tui estan
probablement extingits 0 molt arnenacats. En
aquest illa no hi ha hagut cap substitucio efec­
tiva i el que es troba es una molt mes baixa
produccio de llavors en aquesta planta que al
continent. La poca produccio de llavors sem­
bla deguda a uns nivells variables d'autofe­
cundacio. Segurament, en aquestes condi­
cions, hi ha una seleccio en contra de la auto-
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incompatibilitat, encara que la proporcio de
plantes autocompatibles trobada actualment
es molt baixa en algunes poblacions de l'illa.
A l'illa Chatham tambe es troba una especie
de palmera, Rophalostylis, que produeix
grans quantitats de flors i de lIavors, les quais
son dispersades principalment pel colom
Hemiphaga novaeseelandiae, actualment en
perill d'extinci6 en aquesta ilia. Eis opossums
introduits d'Australia han substituit en part
als coloms, pero el seu efecte positiu es lirni­
tat, sobretot perque tenen dificultat en enfilar­
se per la palmera. EI resultat es una gran
manca de plantes joves d'aquesta especie
(Given, 1995).
Els drepanidinins i corvids a les Hawaii
Alguns dels ocells nectarivors drepani­
dinins i corvids, actualment descompareguts
d'aquestes illes, eren les uniques pol-linitza­
dores d'almenys una especie de liana
(Freycinetia arborea). Semblar ser que
aquesta especie es va salvar de l'extincio
degut a la introduccio, el 1929, de Zosterops
japonica, un ocell que actua com a pol-linit­
zador de la planta (Cox, 1983).
Els llagardaixos de les Canaries
La desaparacio d'algunes especies de
Gal/alia en algunes de les illes on habitava ha
representat un factor de seleccio per a la mida
dels fruits de Neochamalaea pulverulenta,
una de les especies dispersades per aquest
reptil. Recentment, s'ha trobat que els fruits
de mida gran d'aquesta planta, i que eren con­
sumits per llagardaixos de mida gran -actual­
ment descompareguts- es queden sense ser
dispersats (Nogales, ms).
Les sargantanes de les Balears
La desaparacio de p. lilfordi de
Mallorca i Menorca, juntament amb la intro­
duccio de camivors, ha fet segurament can­
viar la distribucio i abundancia de C. tricoc­
can (i potser tambe d'altres especies) en
aquestes illes, especialment a la primera. Les
sargantanes, segons el registre fossil, no es
trobaven per sobre dels 500 m s.n.m., i per
tant, la planta devia trobar-se sobretot per sota
d'aquesta altitud. Han estat probablement els
carnivors qui I'han desplacat a localitats rnes
elevades (Traveset, 1995a).
L'efecte de les introduccions d'especies
exotiques
Des de fa molt temps se sap que les
introduccions despecies ales illes tenen un
efecte desproporcionadament mes gran que al
continent. Pel que aqui ens concemeix, cal dir
que la introduccio d'alguns animals ales illes
pot afectar molt negativament ales plantes
natives, ja que poden desplacar els pol-linitza­
dors 0 dispersors natius i aixi disminuir l'exit
reproductiu de les plantes al ser menys efec­
tius. A les Illes Solomon, per exemple, les
formigues natives i les introduides son dife­
rentrnent efectives en atacar els hemipters que
s'alimenten de la palmera dels cocos (Cocos
nucifera): lridomyrmex i Pheidole (introdui­
des) no defensen la palmera dels herbivors
com ho fan les natives Oecophylla i
Anoplolepis (Greenslade, 1971). Per altra
banda, un animal introduit que consumeixi
fruits i faci de dispersor de lIavors pot afavo­
rir la invasio d'un ecosistema natiu per una
planta aliena, que d'una altra manera ho ten­
dria dificil per establir-s'hi, Per exemple, ales
Hawaii, la introduccio d'ocells i mamifers
dispersors de llavors (com el mateix pore
assilvestrat) ha provocat la invasio d'algunes
plantes ales arees de bose pristi. Una interac­
cio sembiant s'ha observat a les Galapagos
entre el bestia boy! i la guava (Psidium guaja­
va) (Given, 1995). Aquestes interaccions
entre les plantes alienes i els animals il-lustren
be la necessitat de controlar la
introduccio d'animals exotics si volem prote­
gir els ecosistemes natius. Tarnbe es pot
donar el cas de que sigui un animal natiu el
que afavoreix l'expansio de la planta aliena si
aquesta ofereix els recursos adequats. En
alguns casos, un animal introduit pot tenir un
efecte positiu per a plantes natives i reem-
placar a un animal mutualista natiu que ha
descomparegut. Aquest es el cas dels cami­
vors a Balears que dispersen efectivament les
lIavors de Cneorurn tricoccon, 0 el cas de
Freycinetia arborea (Pandanaceae) ales illes
Hawaii, un dels pocs exemples d'una especie
indigena que experimenta un canvi absolut
passant de tenir un pol-Iinitzador endemic a
un introduit (Cox, 1983).
Es possiblement a les Hawaii on hi deu
haver hagut un major nombre de mutualismes
'trencats' 0 a punt de fer-ho. Les introduc­
cions d'especies han estat enormes (unes
4600 especies vegetals, al menys 17 especies
de marnifers, i mes de 50 especies d'ocells) i,
ames, la destruccio de l'habitat, degut sobre­
tot a la deforestacio i als foes, ha fet desa­
pareixer moltes especies endemiques. Igual­
ment, la gran destruccio dels ecosistemes que
esta tenint 1I0c a Madagascar 0 a moltes illes
del Pacific esta, sens dubte, interferint amb
molts mutualismes, i no sols fent desapareixer
especies si no tambe interaccions que han
estat evolucionant -potser coevolucionant­
milions i milions d'anys.
Son les relacions de dependencia rnes fortes
ales iIles que al continent?
La coevolucio entre parelles d'espe­
cies, definida com a evolucio reciproca
sirnultania (Janzen, 1980), es teoricament
possible, pero es improbable en comunitats
riques en especies on molts d'animals selec­
cionen caracters de les flors i dels fruits i on
moltes plantes influencien les "fitness" dels
seus animals mutualistes (Howe i Westley,
1988). Aquests autors es plantejen la possibi­
litat de que els canvis coevolutius siguin mes
probables en comunitats mes 'depauperades'
o en habitats amb poques especies, Relacions
obligades entre plantes i animals no simbio­
tics als deserts, altes muntanyes 0 illes sugge­
reixen que la coevolucio entre dues especies
podria tenir 1I0c on la baixa diversitat d'espe­
cies promou una forta interaccio entre elles.
Alguns exemples, com son les flors del gene-
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re Lobelia i els ocells drepanidinins de les
Hawaii que s'alimenten del seu nectar, les
flors del genere Gilia ales muntanyes de
California que adapten una forma diferent
depenent de quina es la especie de pol-Iinitza­
dor que les visita, 0 el cas del dodo i I'arbre
del tambalacoque a I'illa Maurici podrien ser
casos de coevolucio especifica, pero no es pot
dir amb absoluta certesa.
Howe i Westley (1988) consideren
aquesta co-evolucio entre dues especies com
a possible generadora de nous caracters de les
piantes i dels animals que despres s'identifi­
quen com a relacions 'difuses'. Aixo es
podria donar en el cas que una interaccio co­
evolutiva que es doni a un 1I0c geografica­
ment aillat en un moment donat s'expandeixi
(per exemple, degut a un canvi climatic) i la
planta s'estengui a arees on hi ha altres
pol-linitzadors/dispersors 'sernblants' al que
inicialment ha co-evolucionat amb ella. Es
quan es parla de la 'co-evolucio difusa '. No
obstant, I'escenari alternatiu d'un 'reernplaca­
ment ecologic' de conjunts de plantes i ani­
mals, sense canvi evolutiu, no es pot excIoure
en molts casos. Alguns caracters poden evo­
lucionar en una 0 poques especies en comuni­
tats pobres i despres estendre-se quan aques­
tes especies , ja pre-adaptades, interaccionen
amb unes altres. De fet, I'estabilitat en els
arbusts i en els arbres durant decenes de
milions d'anys, comparada amb la successio
rapida en les especies d'ocells i mamifers,
dona suport a la idea de que hi ha hagut un tal
reernplacament d'especies animals que inte­
ractuen amb els arbres i arbustos. Aquesta
hipotesi dona una possible explicacio ales
associacions actuals; no obstant, no en dona
als origens dels caracters que han fet possi­
bles aquestes associacions.
EI "co-" en co-evolucio es dificil de
documentar, i especialment rnes dificil entre
mutualistes no simbionts que entre patogens -
o insectes molt especialitzats- i els seus hos­
tes, perque la seleccio entre mutualistes sovint
sembla ser debil, intermitent i confosa degut a
les altres interaccions. Es necessita mostrar
aquests canvis evolutius reciprocs en grups de
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plantes i d'animals que les visiten. Per ara
tenim molt pocs casos on adaptacions de la
morfologia de les flors es poden 'acoplar'
amb adaptacions del comportament, sensiti­
ves, 0 morfologiques dels pol·linitzadors.
Aixo, sens dubte, es un repte per al futuro
Eis resultats d 'estudis de pi antes
pol-linitzades per colibris donen suport a la
prediccio de que les plantes generalistes estan
menys afectades per una reduccio en la diver­
sitat de pol·linitzadors que les plantes espe­
cialitzades (Linhart i Feinsinger, 1980). No
obstant, hi ha encara pocs estudis fets sobre
aquest tema per saber si aixo es generalitza­
ble. Una reduccio en la pol-Iinitzacio pot tenir
un impacte petit sobre la dinamica de pobla­
cions de la planta, per exemple, si la produc­
cio de fruits esta rnes limitada pels recursos
que pel pol·len (Horvitz i Schemske, 1988).
Segons quina sigui la causa d'alteracio de
l'habitat, el conjunt sencer de mutualistes pot
desapareixer 0 llur poblacions es poden veure
drasticament mermades.
Per avaluar el rise d'extincio d'una
planta que ha perdut els seus animals mutua­
listes s'han de considerar almenys tres factors
(Bond, 1994):
a) la probabilitat de que el mutualisme
es trenqui (es necessiten estudis de camp per
determinar l'especificitat en la pol-linitzacio i
en la dispersio)
b) el grau de dependencia reproductiva
del mutualisme (veure si aquest es obligat 0
facultatiu). La dependencia sera total en plan­
tes dioiques, no anernofiles i autoincompati­
bles.
c) la irnportancia de les llavors en la
demografia de la planta. EI trencament del
mutualisme pot conduir a l'extincio de la
planta sols en aquells casos en que les pobla­
cions estan limitades per llavors. Per aixo cal
coneixer: (I) si la planta es propaga vegetati­
vament, (2) la longevitat de la planta, i (3) la
capacitat de rebrotar despres d'una pertorba­
cio com pot ser incendi 0 un huraca, Tambe
cal determinar la importancia ecologica de la
mortalitat de llavors i plantules per a la pobla­
cio.
Ais ecosistemes mediterranis, en gene­
ral, es disposa encara de molt poca informacio
sobre pol·linitzadors, sistemes de reproduccio
i dependencia dernografica de les Ilavors. A
les Balears, en particular, no arriben a SOles
especies de les que s'ha estudiat la biologia
reproductiva. Amb les dades que tenim fins
ara (veure taula 2), sembla ser que els ende­
mismes no s'autofecunden en la mateixa pro­
porcio amb que ho fan les plantes no-enderni­
ques i que, per tant, podrien tenir una major
dependencia dels pol·linitzadors. No obstant,
la majoria de pi antes, endemiques 0 no, no
depenen exclusivament dels insectes per a llur
pollinitzacio, sino que tarnbe son, en menor 0
major grau, anernofiles. De les dues especies
que son pol·linitzades unicament per insectes
i que no poden autofecundar-se (taula 2), sols
una (Dorycnium pentaphyllum) podria estar
limitada per la produccio de Ilavors, al no
tenir capacitat de reproduir-se asexualment.
Pot ser el cas mes clar d'especie amb un alt
perill dextincio es Daphne rodriguezi
(Thymelaeceae), un arbust endemic de
Menorca, pol·linitzat, aparentment, per una
unica especie de falena, amb un nivell d'ane­
mofilia molt baix, incapac de reproduir-se
asexualment i que te dispersio endozoocora
(el seu principal dispersor sembla ser la sar­
gantana P lilfordi, descompareguda a l'illa).
De fet, actualment existeixen molt poques
poblacions d'aquesta planta (a Menorca i a
l'illot d'en Colom), i contenen un nombre
baix d'individus.
En les especies que s'han estudiat a
Balears s'han trobat, en total, prop d'un cen­
tenar d'especies de visitants florals, la gran
majoria de l'ordre dels hirnenopters (43%)
seguit de dipters (32%), iamb una proporcio
menor de coleopters i lepidopters (12% de
cada un d'aquests grups) (Traveset, dades no
pub!.). Malgrat algunes d'aquestes especies
s'han trobat sols en una especie de planta, no
se sap de moment el grau d'especificitat en els
pol·linitzadors.
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Taula 2. Nombre d'especies vegetals de les Illes Balears de les quaIs es coneix el sistema de
pol-linitzacio (dades de Tebar, 1992; Gil, 1994; Traveset, 1995; Traveset i Saez 1997).
Table 2. Number ofplant species of the Balearic Islands for which the pollination systems is
known (data from Tebar; 1992; Gil, 1994; Traveset, 1995; Traveset and Saez 1997).
Sistemes de reproduccio de les plantes ales
iIIes. Com evitar la dependencia de Is ani­
mals per part de les plantes?
Una de les preguntes que es plantejen
en I'estudi de la biologia reproductiva de les
plantes ales illes es si els sistemes reproduc­
tius i la biologia de pol-linitzacio difereixen
del continent i per que.
Alguns autors han documentat que ales
illes oceaniques hi ha una baixa representaci6
de flors de colors brillants, tubulars i zigo­
morfes, mentre que hi ha una alta frequencia
de flors petites, no vistoses iamb forma de
bol (Carlquist, 1974). Aixo es veu molt clara­
ment ales flores d' Australia i de Nova
Zelanda (Webb i Kelly, 1993), encara que no
es coneix quina es la contribuci6 de la flora
autoctona vs. I'al-loctona a aquestes carac­
teristiques. Inoue et al. (1996), estudiant el
genere Campanula, tambe troben que hi ha
una selecci6 exercida pels pol-linitzadors que
rnante variaci6 en la mida de les flors i argu­
menten que aquestes ales illes son mes peti­
tes i son visitades per insectes d'una mida mes
petita que al continent.
S'han proposat diverses hipotesis adap­
tatives sobre els beneficis d'una pol-linitzacio
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pel vent ales illes: (I) independencia dels
pol·linitzadors, (2) almenys a algunes illes, els
vents forts fan que la pol-linitzacio per ani­
mals no sigui favorable, i (3) una major dis­
persio del pol·len i beneficis de la xenogarnia.
No obstant, abans de provar aquestes hipote­
sis, necessitem tenir evidencia de que la
pollinitzacio pel vent es mes frequent ales
illes que al continent. Tenim poques dades del
grau d'anemofilia a illes, i en totes, aquest es
relativament baix: un 20% de la flora ales
Hawaii (Sakai et aI., 1995), un 29% a Nova
Zelanda, i un 34% a I'illa de Juan Fernandez
(Ehrendorfer, 1979). A les Galapagos, son
tambe pocs els taxons pol·linitzats pel vent
(McMullen, 1987). Ales Balears, no conei­
xem quina proporcio del total de plantes es
pol·linitzada pel vent. Considerant unicarnent
els endemismes, es veu que un 26% tenen
flors de mida molt petita i almenys un 10%
tenen flors no vistoses (Soler i Rita, dades no
publ.), cosa que suggereix pollinitzacio
anernofila. Tambe es necessiten rnes estudis
per entendre els processos microevolutius res­
ponsables de I'evolucio de la pol-Iinitzacio
pel vent a partir de la pollinitzacio pels ani­
mals. Aixo es veu, per exemple, en el genere
Rhetinodendron (Compositae) a I'illa de Juan
Fernandez, en Phyllis i Plocama (Rubiaceae)
a les Canaries, 0 en Coprosma (Rubiaceae) a
Nova Zelanda (Ehrendorfer, 1979).
Hi ha dues questions centrals en I'estu­
di de I'evolucio dels sistemes reproductius de
les plantes: (I) forces evolutives responsables
de l'autogarnia versus la xenogamia i (2)
seleccio de sexes junts versus sexes separats.
Evolucio de l'autogamia
Segons Baker (1955), les plantes her­
mafrodites i auto-compatibles que poden
reproduir-se a partir d'un individu fundador
estan millor preadaptades per a la colonitza­
cio de les illes que les dioiques (sexes separats
en diferents peus), les que obligatoriament
s'han de creuar (dimorfiques en general) 0 les
auto-incompatibles, ja que aquestes necessi­
ten almenys dos individus per a tenir proge­
nie. Aquesta prediccio -anomenada regIa de
Baker-, pero, encara esta per confirmar en
moltes flores insulars. Les flores de Nova
Zelanda (Webb i Kelly, 1993), Hawaii (Carr
et aI., 1986) i Galapagos (McMullen, 1987)
son deficitaries en sistemes d'incompatibili­
tats (homo- 0 heteromorfiques) respecte ales
del continent d'origen. Ales Balears, de les
156 especies considerades enderniques 0 amb
una distribucio microareal (excloent els
Limonium, genere molt complex encara amb
un nombre desconegut d'especies), la gran
majoria (prop del 90%) tenen flors hermafro­
dites, encara que no se sap de moment quina
fraccio d'aquestes tenen algun sistema de
dimorfisme 0 d'incompatibilitat. S'ha vist que
la gran majoria de les que s'ha estudiat el sis­
tema reproductiu (47 especies) son auto-com­
patibles. Nornes 7 especies (15%) no ho son,
5 de les quaIs son endemiques.
Alguns generes s'autofecunden ales
illes pero no al continent del que provenen.
Tal sembla ser el cas de Nigella
(Ranunculaceae) ales illes del mar Egeu
(Strid, 1969), el de Cyrtandra (Gesneriaceae)
ales illes del Pacific, Galium (Rubiaceae) a
Australia, 0 Lycopersicon (Solanaceae) ales
Galapagos (vegeu Ehrendorfer, 1979). La
transicio a l'autogamia ha permes a alguns
generes d'angiospermes com Limonium,
Primula i Armeria, entre altres, i a pteridofits
com Pteridium aquilinum, establir-se a dife­
rents illes (Ehrendorfer, 1979), i sembia ser
que es dona en condicions de rnancanca de
pol·linitzadors (veure, per exemple, Galen
1989; Washitani, 1996). Fuchsia magellanica
(Onagraceae) a I'illa de Terra del Foe ha esta­
blert unes poblacions que tenen un grau d'au­
togamia rnes gran que al continent, probable­
ment seleccionat per I'escassesa de pol·linit­
zadors (colibris) en I'area (Traveset et aI.,
1998). Igualment, un estudi recent sobre
Paeonia cambessedessi ales Balears (Fig. 3)
mostra que el grau d'autofecundacio es d'un
20% (Traveset, en prep.) mentre que el de
Paeonia broteroi (al sud de la Peninsula
Iberica) es sols d'un 5% (Sanchez-Lafuente,
dades no publ.).
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Figura 3. Pol·linitzador de Paeonia cambessedessi al Jardi Botanic de Soller (Mallorca). Ales
illes, les peonies semblen tenir un grau d'autogamia rnes elevat que al continent.
Figure 3. Pollinator o/Paeonia cambessedessi in the Botanical Garden ofSoller (Mallorca). On
islands, the paeonias appear to have higher rates 0/autogamy than on mainland.
En altres grups, la dioecia ha descom­
paregut ales illes. Es el cas de Fragaria chi­
loensis (Rosaceae) a les Hawaii 0 el de
Coprosma pumila (Rubiaceae) de Nova
Zelanda a l'illa Macquarie. Altres generes,
pero, han pogut mantenir els sexes en peus
separats; per exemple, Antidesma, Drypetes
(Euphorbiaceae), Cocculus (Menisper­
maceae), Eurya (Theaceae), Pisonia
(Nyctaginaceae) i Rhamnus (Rhamnaceae)
(Ehrendorfer, 1979).
Evolucio de la xenogamia
Alguns estudis recents sobre taxons
insulars que s'autofecunden parcialment han
demostrat que hi ha una considerable 'depres­
sio endogamica' (Sakai et aI., 1989;
Belaoussoff i Shore, 1995; Schultz i Ganders,
1996). L'estudi dels mecanismes per evitar
l'autofecundacio es un tema dominant en bio­
logia reproductiva de plantes ales illes
(Carlquist, 1974; Ehrendorfer, 1979;
Thomson i Barrett, 1981; veure revisio a
Traveset, 1998). Alguns d'aquests mecanis­
mes son els segiients:
a) pol-linitzacio pel vent. Aquest fa que
el flux genetic entre individus augmenti.
b) caracters florals com l'herkogamia 0
la dicogamia (separacio en l'espai 0 en el
temps de les funcions sexuals, respectiva­
ment).
c) canvis en el sistema reproductiu
(tendencia a separar els sexes en diferents
peus: evolucio de dioecia, ginodioecia, etc.).
Un cop una especie de planta esta establerta a
una ilia, rnes que el canvi cap a un sistema
incompatible, el mes senzill, en termes gene­
tics, es separar els sexes en diferents individus
(Ehrendorfer, 1979). Diversos exemples han
estat documentats per Baker (1967) i per
Carlquist (1974): mentre que la flora d'immi­
grants a Hawaii contenia, aparentment, un
3,7% de dioicisme, la flora actual en conte un
27,7% (i un altre 3% es gino- 0 poligamo-
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Figura 4. Flors d'aladern de fulla estreta (Phillyrea angusufoliay de I'illa de Mallorca. Mentre
que a la Peninsula Iberica I 'androdicecia es nornes morfologica, ales illes Balears es tarnbe fun­
cional.
Figure 4. Flowers of Ph illyrea angustifoliafrom Mallorca. In the Iberian Peninsula the andro­
dioecy of this plant is only mophological, but in the Balearic Islands is also functional.
dioica), en contrast amb California que en te
un 2,6%. La flora de Nova Zelanda tarnbe te
una alta proporci6 (13,5%) de plantes dioi­
ques, comparada amb la del SW d'Australia
(4,4%). En alguns taxons com Ameria mariti­
ma a Hawaii (Baker, 1966), Cyrtandra,
Styphelia, Charpentiera ales illes del Pacific
(Carlquist, 1974),0 Fuchsia a Nova Zelanda
(Godley, 1955) s'ha documentat una tenden­
cia cap a la ginodioecia 0 a la dioecia. En
general, la proporci6 despecies dioiques a
arees continentals rarament excedeix el 3%,
mentre que sovint sobrepassa el 10% ales flo­
res insulars (Eliasson, 1995).
A Balears tenim un exemple que sug­
gereix una tendencia cap a la dioecia, Es el
cas de I 'aladern iPhillyrea, Oleaceae; Fig. 4).
Mentre que a la Peninsula Iberica mostra una
andrcdioecia (flors masculines i flors herma­
frodites en diferents peus) nornes morfologi­
ca, ales poblacions illenques aquesta es fun­
cional, i el pol-len dels individus mascles es
mes fertil que el pol·len dels hermafrodites
(Traveset, 1994). La proporci6 d'especies de
la floral total de Balears que son dioiques es
aproximadament d'un 3%. De la flora ende­
mica, sols 4 especies (2.6%) tenen sexes sepa­
rats. No existeixen dades publicades de les
altres Illes mediterranies.
Perdua de dispersabilitat
Una vegada una especie esta establerta
a una illa, tambe pot haver-hi una selecci6 a
favor de la perdua d'alguns caracters que
l'han permes establir-s'hi i d'un millor 'equi­
pament' de nutrients per sobreviure en condi­
cions adverses (de competencia amb altres
especies per exemple) i per poder-s'hi expan­
dir. Aixi, en alguns generes de pteridofits (per
exemple, en Athyrium, Pteris) s'observa un
augment en la mida de les espores. En algunes
fanerogames com en Bidens (Heliantheae) a
les illes del Pacific, 0 en les endemiques
Dubautia, Wilkesia i Argyroxiphium de les
Hawaii (Ehrendorfer, 1979), es registra un
augment dels fruits i Ilavors (Carlquist, 1974),
aixi com una perdua de pels adherents, pun­
xes 0 ganxos, especialitzats per a I'epizooco­
ria. Tarnbe es pot perdre la capacitat de flotar
de fruits i Ilavors, com s'ha vist en Erythrina
(Leguminosae) ales illes del Pacific, en algu­
nes especies d'Acacia que han arribat ales
Hawaii i ales Maurici, i en algunes del gene­
re Sophora que han colonitzat les Chatham,
Reunion, Gough, etc. (veure Ehrendorfer,
1979). La tendencia d'algunes especies a
incrementar la mida dels fruits i Ilavors s'ha
trobat als generes Alectryon (Sapindaceae),
Fagara (Rutaceae) i Tetraplasandra
(Araliaceae), endemics de Hawaii, i sembia
estar relacionada amb la tendencia a la inva­
sio d'habitats forestals. EI cas mes espectacu­
lar el trobem a les Seychelles amb el fruit de
la palmera endernica Lodoicea maldivica
(coco-de-mer). Encara que floti, l'aigua de
mar mata la Ilavor. Aquesta palmera creix
molt lentament, viu mes de cent anys i no flo­
reix fins que en te almenys 30. A l'igual que




Si tenim en compte que la reproduccio
es vital per a la supervivencia de les especies,
la dependencia d'algunes flores enderniques
insulars d'uns pocs pol-Iinitzadors 0 disper­
sors suggereix que aquests poden ser crucials
per a la preservacio i manteniment de la bio­
diversitat (veure, per exemple, revisio en
Keams i Inouye, 1997). A les illes, i sobretot
ales rnes antigues, la taxa d'endemismes sol
esser alta i en elles s'ha originat una gran
varietat d'interaccions molt peculiars. Es,
doncs, evident que no n'hi prou en preservar
la diversitat genetica i el potencial evolutiu, si
no que tambe cal conservar els sistemes i pro­
cessos que ja existeixen i que han vingut evo­
lucionant durant milers d'anys.
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En qualsevol program a de conservacio,
es necessari incorporar l'estudi i la facilitacio
de les interaccions mutualistes. Mantenir i
propagar col-Ieccions vives de plantes per a
una posterior reintroduccio no funcionara si
no preservem tarnbe Ilur fauna associ ada. Una
questio important que cal considerar es si el
reernplacament 0 substitucio d'especies (Ies
quais poden ser exotiques) pot mantenir una
relacio mutualista un cop un dels membres de
la parella ha descomparegut. EI reernplaca­
ment s'ha trobat en algunes illes (vegeu, per
exempie, Cox, 1983; Ware i Compton, 1992;
Traveset, 1995a), pero els exemples encara
son pocs. Cal tambe posar un ernfasi mes gran
en l'estudi de les interaccions d'alt ordre, exa­
minant l'efecte dels depredadors i dels para­
sits que afecten als mutualismes (referencies
en Given, 1995). Amb cad a especie vegetal
que se'n va, se'n poden tarnbe anar 0 reduir
molt Ilurs densitats, altres especies que viuen
associades a ella (insectes, plantes parasites,
etc.), i per tant, la biodiversitat total d'un area
es pot veure molt afectada). Es quan es parla
de "cascada dextincions".
A la Mediterrania, en particular, les
illes grans han funcionat com a reservori de
flores del Terciari medi, servint-Ios-hi de
refugi del les fluctuacions climatiques del
Pleistoce i dels canvis produrts ales franjes de
vegetacio, i en elles s'hi troba una taxa d'en­
demismes relativament alta. En aquestes illes
grans, afortunadament, encara no hi ha hagut
una gran perdua despecies enderniques,
encara que si n'hi ha hagut de les no-enderni­
ques (Greuter, 1995). La vulnerabilitat de les
flores es bastant major en les i1les de mida
petita i en les illes volcaniques aillades,
Les illes s'han considerat sempre com a
laboratoris devolucio. Perc, ames, consti­
tueixen museus on no sols hi trobem una
fauna i una flora (mica (les "obres d'art") si no
tambe un conjunt d'interaccions tant ecologi­
ques com evolutives que fan aquests museus
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PER UN MUSEU DE LA
NATURALESA A CIUTAT
Variation in the magnitude of a predator's
effect from small to large islands
Thomas W. SCHOENER and David A. SPILLER
Section of Evolution and Ecology. University of California. Davis, CA 95616
Schoener, TW. and Spiller, D. A. 1999. Variation in the magnitude ofa predators
effect from small to large islands. Mon. Soc. Hist. Nat. Balears 6 / Mon. Inst. Est.
Bal. 66: 35-65. ISBN: 84-87026-86-9. Palma de Mallorca.
Should the effect of predation be stronger on small islands or on very large
islands and mainlands? To make this question precise, we ask here whether the
presence/absence of a particular type of predator has greater effects on given
types of organisms lower down in the food web, the larger or the smaller the
island. To obtain an answer, we used four studies from the same general system,
subtropical islands of the Bahamas; here diurnal lizards are the predator, the
direct effects are on web spiders (total density, species richness, composite diver­
sity, dominance) and the indirect effects are on herbivory (percent leaf damage)
and in part on aerial arthropods (numbers in sticky traps). In two studies, lizards
were removed experimentally from enclosures on a very large island; the experi­
ment was performed twice. In a third study, entirely unmanipulated medium-to­
large islands with and without lizards were compared. In a fourth study, lizards
were introduced to a set of small-to-medium islands, while two other sets, one
naturally with lizards and the other naturally without lizards, served both as con­
trols and as another comparison. Effect magnitude is measured as the ratio of the
larger to smaller of the treatment means. An overwhelming tendency exists for
lizards to affect spider density, species richness and composite diversity more, the
smaller the island; dominance shows little difference. Herbivory is also affected
on average more on small islands, but the variation in effect magnitude with
island area is less. Aerial arthropods are also affected more on average on small
islands, but unlike the other variables the direction of the effect can be negative
or positive, and the effect is often very weak. Thus the mainly direct effects of
lizards vary more in magnitude than do the mainly indirect effects of lizards. We
propose two explanations for effect magnitude to be greater, the smaller the
island. First, greater isolation allows less reimmigration of prey on islands, lea­
ding to a greater effect magnitude. Second, fewer kinds of predators occur, the
smaller the island, implying a greater effect of removing anyone kind.
Key words: Islands, Predation, Interaction magnitudes, Lizards, Spiders,
Herbivory
Varlaclo a Ia magnitud d'un efeete d'un depredador d'illes petites a iIIes
grans.
L'efecte de la depredaci6, hauria d'esser rnes gran ales illes petites 0 ales illes
molt grans i als continents? Per precisar aquesta questio, al present treball ens
demanam si la presencia/absencia d'un tipus particular de depredador te efectes
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rnes grans sobre determinats tipus d'organismes situats rnes abaix a la xarxa tro­
fica com mes gran 0 com rnes petita es I'illa. Per obtenir-ne una resposta, empram
quatre estudis dins el mateix sistema general, les illes subtropicals de les
Bahamas; les sargantanes diurnes hi son els depredadors, els efectes directes fan
damunt les aranyes de tela (densitat total, riquesa d'especies, diversitat comp )s­
ta, dorninancia) i els efectes indirectes son sobre I'herbivoria (percentatge de
fulles afectades) i en part sobre els artropodes aeris (nombres ales trampes d'a­
ferrament). Ados estudis, les sargantanes foren substretes experimentalment de
tancats a una ilia molt gran; I'experiment es va fer dues vegades. A un tercer
estudi, varen esser comparades illes mitjanes a grans, sense cap manipulacio,
amb i sense sargantanes. A un quart estudi, varen esser introduides sargantanes a
un conjunt d'illes petites a mitjanes, mentre que altres dos conjunts d'illots, un
naturalment amb sargantanes i I'altre naturalment sense sargantanes, varen servir
com a controls i com a una altra comparacio. La magnitud de I 'efecte es va mesu­
rar com a la relacio entre la major i la menor de les mitjanes del tractament. Es
dona una tendencia aclaparadora en el sentit que com mes petita es I'illa rnes
afecten les sargantanes la densitat d'aranyes, la riquesa d'especies i la diversitat
composta; la dominancia d'especies mostra poca diferencia. L'herbivoria tarnbe
esta afectada rnes de mitjana ales illes mes petites, pero la variacio en la magni­
tud de I'efecte amb l'area insular es poca. Eis artropodes aeris tarnbe estan afec­
tats rnes en promig ales illes petites, pero, a diferencia de les altres variables, la
direccio de I'efecte pot esser positiva 0 negativa, i I'efecte es sovint molt feble.
Per aixo, els efectes principalment directes de les sargantanes varien mes en mag­
nitud que els efectes principalment indirectes de les sargantanes. Proposam dues
explicacions per al fet que com mes petita es I'illa mes gran es la magnitud de
I'efecte. Primera, un aillament rnes gran permet menys reirnmigracio de les pre­
ses, conduint a una major magnitud de I'efecte. Segona, a com rnes petita es I'i­
lIa, menys tipus de depredadors hi ha, cosa que implica un efecte mes gran quan
se'n substreu un qualsevol.
Paraules clau: Illes, Depredacio, Magnitud d'interaccions, Aranyes, Herbivoria.
Introduction
How should the strength of species
interactions, such as competition and preda­
tion, vary between mainlands and islands?
A number of investigators have propo­
sed that large predators are typically absent
from islands of sufficiently small area
(Diamond, 1984; Belovsky, 1987; Schoener,
1989; Holt, 1993). In part this is because indi­
vidual spatial requirements oflarge predators,
which are often territorial (i.e., have more-or­
less exclusive home ranges) are too great
(McNab, 1963; Schoener, 1968a; Turner et
a!., 1969) to allow a stable population to per­
sist there. Simple dynamical metapopulation
models of food chains (Schoener et a!., 1995;
Holt, 1996) lead to a similar conclusion: a
greater fraction of islands will have prey than
predators when the latter are dependent on the
former, and the fraction of species that are
predators on a given island will increase with
that island's area. Under such conditions,
overall predation should be weaker on avera­
ge, the smaller the island. Note, however, that
although the effect of top predators on the
next level down may be greater on larger
islands by this reasoning, the level one more
link farther down may thereby in fact be alle­
viated from their own predators, and so on
seriatum in an alternating-level cascade
(Hairston et a!., 1960; Fretwell, 1977; Jager
and Gardner, 1988).
A completely different argument is as
follows. Rather than considering an entire
level as the unit of interest, we can ask about
the effect of particular predator species within
a predator level. The more species within a
given level, the less the effect may be of
removing only one of them, barring complete
compensatory predation and all other things
being equal. The larger the area the commu­
nity occupies, the more predator species there
will typically be at any level, i.e., the greater
the "diffuse predation" (Hixon, 1991; Menge
et aI., 1994), so the effect of removing a sin­
gle species of predator will be smaller there
(Spiller and Schoener, 1998).
The argument for competition is similar
to that for predation. The entire absence of a
trophic level is argued to increase competition
at the next level down (Hairston et aI., 1960).
Hence if a particular trophic level is more
likely to be entirely or largely absent the sma­
ller the island, the more intense should be
competition there. Again, the effects alternate
over succeeding levels. However, for a given
level of competitors, the effect of any given
one is again likely to be smaller, the more spe­
cies of competitors there are (although the
effect of a particular competitor, including its
direction, is not always obvious in theory
[Case, 1995]). Thus "diffuse competition"
(MacArthur, 1972) is the analog concept to
diffuse predation.
While isolation affects species compo­
sition on islands (see below), it has a more
straightforward effect resulting from differen­
ces in immigration rates of prey onto islands
vs onto equivalently sized sites on a main­
land. Large islands may have kinds ofrefugia,
not found on or near small islands, that allow
prey locally exterminated by predators to
reimmigrate relatively quickly (Spiller and
Schoener, 1998). More formally, models of
predation having a flow of prey into the sys­
tem can be more stable, in the sense of having
a single stable equilibrium point (Schoener,
1973) rather than nested cycles ("neutral sta­
bility") as in the simplest, Volterra predator­
prey model (Roughgarden, 1979).
Competition models whose species re-immi­
grate into the system are likewise relatively
likely to have at least one stable equilibrium
point (Schoener, 1974, 1976a).
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Counter to these arguments, isolation
can reduce the number of predators reaching
the isolate, making it less likely that a parti­
cularly devastating one, or indeed an entire
level of predators, will establish. Thus a redu­
ced immigration of predators affects prey
positively via the first of the arguments given
above. Furthermore, one might argue that the
area in question may have its predators exter­
minated also; the less the isolation, the more
readily the predators will recolonize. While
certainly true, the cause of the predator exter­
mination would have to be something other
than the interaction itself; for prey, the threat
of extermination is ongoing by definition of
the predation process. Furthermore, the immi­
gration of predators is counterbalanced by the
immigration of prey just discussed, and one
might argue that the latter flow would be rela­
tively stronger because of the higher popula­
tion densities of prey compared to their pre­
dators. On the other hand, predators tend to be
larger so sometimes stronger flyers and the­
reby better dispersers (MacArthur and
Wilson, 1967), i.e., on a per-capita basis they
may be more likely to immigrate.
A third characterization of islands is
their greater potential exposure to physical
factors such as wind and wave action, inclu­
ding tidal waves. This trait would seem to be
exacerbated, the smaller the island (although
the opposite has been argued by Cody [1966]
for islands in maritime climates and out of the
hurricane belt). Were physical factors chroni­
cally to hold all populations down, population
densities would be low and biological interac­
tions would be weak (Andrewartha and Birch,
1954; Wiens, 1977). In contrast, reversing the
causal chain, smaller populations are more
vulnerable to extinction (MacArthur and
Wilson, 1967; Goel and Richter-Dyn, 1974;
Terborgh and Winter, 1980; Pimm et aI.,
1988; Pimm, 1991; Schoener and Spiller,
1992; Hanski, 1997), so that if predation say,
wiped out all individuals except those in a
small number of predation refugia, physical
factors could finish them off (or vice versa).
This would cause predation to be more effec-
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tive, the smaller the island. A similar argu­
ment can be made for interspecific competi­
tion, e.g. if a population was reduced by com­
petition to only a small number of individuals
sustainable on exclusive resources.
The above discussion shows that ans­
wers to questions about the relative effects of
species interactions on islands and mainlands
will depend inter alia on the precise form of
the question. In this paper, we restrict the
questions and the systems used to answer
them to produce some precise expectations
and tests. In general, we will ask, for the same
kind of predator and prey, in the same geo­
graphic locale, is the effect of that kind ofpre­
dator stronger on smaller or larger islands, the
largest of which are effectively mainlands?
Hence the predator trophic level always
exists, and the expectation follows the diffu­
se-predation argument, as well as the princi­
pal isolation argument given above: the lar­
ger the island, the weaker the magnitude of
predation. We will be looking at both the
direct and indirect effects, again using the
same or very similar species, so that we are
effectively examining the effects on kinds of
species that occur at all the sites we consider.
For about two decades we have been
studying species interactions in terrestrial
food webs using islands in the Bahamas as a
model system. Anolis lizards are here major
predators, eating carnivorous arthropods such
as spiders, herbivorous arthropods, and detri­
vores such as certain dipterans (Schoener,
I 968b). To investigate the direct and indirect
effect of these predatory lizards, we use two
complementary methods-{ I) observational
comparisons of the biotas on small islands
with and without lizards and (2) experimental
manipulations, both of lizards within field
enclosures on a large island and of lizards on
small islands. From this body of work we
extract for this paper the relevant data from
four studies--two at the same very-large­
island site but during different time periods, a
third on medium-to-large islands, and a fourth
on very small islands. These data will be used
to produce an empirical answer to the ques-
tion of how the effect of a predator varies in
magnitude with island area.
Experiments and observations
This section collects data on the direct
and indirect effects of lizards from experi­
ments and observations for a range of island
areas. First, two lizard-removal experiments
on a very large island (",3x I km'), effectively
a mainland, are summarized (full description
in Spiller and Schoener, 1988, I 990a,b, 1994,
1998). The first experiment has lizard remo­
val only; the second has lizard and spiders
removal in a crossed design. Second, obser­
vational data are presented for lizard and no­
lizard islands of medium-to-large area (112-
8603 m' vegetated area). Although the data
have been used in a number of studies (details
of the system in Schoener and Spiller, 1992;
Spiller and Schoener, 1995, 1996), the analy­
ses given here for spiders are new. Analyses
of herbivory follow previous papers (Spiller
and Schoener, 1996, 1997). Third, a lizard­
introduction experiment on islands of small­
to-medium area (40-179 m' vegetated area) is
summarized. This experiment allows compa­
rison of a set of manipulated islands (lizard
introduction) with a control set of no-lizard
islands (lizards absent), as well as comparison
of a set of unmanipulated, natural lizard
islands with a set of unmanipulated natural
no-lizard islands (the aforementioned control
islands). This experiment has been described
elsewhere (Schoener and Spiller, 1996, in
press), but data on certain spider species­
diversity-and-abundance measures are pre­
sented here for the first time.
Throughout what follows, we only
report detailed statistical treatments, inclu­
ding P values, for results from new data com­
pilations; these always utilize analyses of
variance and covariance. When time-series
data are involved, we evaluate differences in
time-averages, statistically equivalent to eva­
luation of the between-subjects effect in a
repeated-measures design in which time is the
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Fig. 1. Example of enclosure used in lizard-removal experiments on the very large island,
Staniel Cay.
Fig. 1. Exemple de tancat emprat als experiments de substraccio de sargantanes a una illa molt
gran, Staniel Cay.
repeated factor. The specific P values are not
given for results tested as statistical hypothe­
ses in previous papers; rather, we use such
terms as "significant" or "significantly diffe­
rent" to denote P values less than 0.05.
Similarly, we denote an effect "marginally
significant" when 0.05:5P < 0.10.
I. Very-large-island experiments.
A. Experiment I-One-way lizard removal.
This experiment was conducted on Staniel
Cay, an island in the central Bahamas
(Exumas). The study site was a vegetated,
sandy area elevated 10-15 m above the nort­
heastern shore. The vegetation consisted
mostly of Coccoloba uvifera (sea grape), with
a few representatives of e I 0 species of other
shrubs.
The experiment had three treatments (n
= 3 for each); (I) unenclosed plots with
lizards unmanipulated; (2) control enclosures
with lizards; and (3) lizard-removal enclosu­
res. Each plot and enclosure was 83.6 rn',
Mean heights of the vegetation varied from
0.14 to 0.53 m. To take this vegetational hete­
rogeneity into account, we stratified the plots
into 3 blocks. Then one enclosure from each
block was randomly assigned to have lizards
removed during the experiment. Enclosure
design was modified from that of Pacala et al.
(1983). Wood-framed fences were built on the
plot perimeters. The plots were buried 0.31 m
below the ground and stood 0.93 m high, with
hardware cloth (3-mm [\4 inch] mesh) atta­
ched to the sides. Polypropylene plastic was
cut into O.4-m-wide strips and mounted hori­
zontally on top, forming a continuous 0.2-m
overhang on the inside and on the outside of
the fences, so that, except for the overhang,
the enclosures were open on top (Fig. I). To
accomplish this construction, several thou­
sand pounds of materials were flown in repe­
ated trips to Staniel Cay in a small airplane.
Most lizards at the site were Anolis
sagrei, with some Anolis carolinensis and
Ameiva festiva. The biology of these species
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is discussed in detail elsewhere (Schoener,
1968b; Schoener and Schoener, 1978, 1980,
I 982a,b). Snout-vent lengths (mean of the lar­
gest third of all specimens collected from the
Exumas) were: A. sagrei, males = 54.4 mm
(N = 45), females = 39.8 mm (N = 27); A.
carolinensis, males = 60.9 mm (N = 27),
females = 46.7 (N = 6). Ameiva were somew­
hat larger (precise measurements unavaila­
ble).
Initially we stocked control enclosures
as needed to a level of 9 lizards (6 females
and 3 males); the mean natural density at the
site was 0.1 per m'. During the experiment
(May 1985-November 1988), we counted
numbers of web spiders of each species at
one- to three-month intervals; the spider spe­
cies found at this site during this and the next
experiment are listed in Tab. I. At the same
intervals we sampled aerial arthropod abun­
dance with sticky traps; this consisted of put­
ting out four sticky traps in each plot, then
recording the number of individuals and body
lengths (estimated to the nearest mrn) of the
arthropods caught by the traps. The traps were
22x 14-cm sheets of clear plastic coated with
Tanglefoot adhesive and suspended 0.25-0.50
m above the ground. Each year, we tagged
leaves of sea grape and (using 5 evenly spa­
ced areas, in each of which we tagged three
undamaged leaves) measured herbivore
damage (as a percent of the total leaf area) as
it accumulated throughout the year. The sum­
mary measure used was the mean of the per­
cent damage per leaf (DL in Schoener [1988]).
We distinguished three different categories of
leaf damage--scars and mines (necrotic
areas), holes (entirely missing areas), and
galls (produced by a cecidiomyiid midge,
Ctenodactylomyia watsoni). In the field, we
observed scars produced by homopterans
(Cicadellidae and Aphididae) and a hemipte­
ran (Pentatomidae), mines produced by a lepi­
dopteran, and holes produced by lepidopte­
rans (Tortricidae - Amorbia sp. [prob emigra­
tella]; Noctuidae--unidentified spp.), a cole­
opteran (Scarabaeidae - Phyllophaga sp.) and
a hymenopteran (Trachymyrmex maritimus).
In the present paper, we simplify treatment of
herbivory by lumping together all leaf-dama­
ge types; separate analyses of these types are
in Spiller and Schoener (1990b, 1994, 1996).
Results of this experiment were as
follows. The mean total density of web spi­
ders was significantly higher, 3.1 times, for
lizard-removal enclosures than for treatments
with lizards (Tabs. 2, 3; Spiller and Schoener,
1988, 1996). Unenclosed plots and control
enclosures were nearly identical, indicating
that the enclosures had no effect on spider
numbers; because of this, we simplify below
by excluding unenclosed plots from the
tables. Number of web spider species were
higher in lizard-removal enclosures than in
the other treatments; time averages were 1.2
times greater in removals than in control
enclosures and the ratio of the former to unen­
closed plots was about the same. Detailed
analyses revealed that the lizard effect on spi­
ders was caused by both predation and food
competition (Spiller and Schoener, I 990a).
Mean number of aerial arthropods was 1.6
times higher in unenclosed plots than in con­
trol enclosures and was 1.1 times higher in
lizard-removal enclosures than in control
enclosures; there was a significant enclosure
effect as well as a significant lizard effect on
aerial arthropods (two-tailed raw P = 0.00 I,
0.043, respectively). We also separated small
(:::;4 mm) and large (> 4 mm) aerial arthropods
(Spiller and Schoener, 1990a). Numbers of
both were greater for no-lizard than lizard
enclosures (Tabs. 2, 3), but the effect ratio
(larger over smaller) was substantially greater
for large arthropods (I.7) than for small arth­
ropods (1.05), and was only significant for the
former (Schoener and Spiller, in press). Thus
although spiders ate many of the same arthro­
pods as did lizards, when lizards were remo­
ved increased predation by spiders did not
completely compensate for the lack oflizards.
Finally, lizards significantly reduced scar and
mine damage and reduced hole damage as
well, but not significantly (Spiller and
Schoener, 1996). Interestingly, lizards signifi­
cantly increased the amount of gall damage.
Taxa I. Very-large-island site II. Medium-to-small-
islands site
A. First experiment B. Second experiment
Araneidae
Metepeira datona X X X
Metepeira sp.
Eustala cazieri X X X
Argiope argentata X X X
A. trifasciata
Eriophora ravilla X X +





Nephila e/avipes X X X







Latrodectus mactans X X
Argyrodes elevatus X X X
As furcatus X
Total 8 9 12
+Occurs on these islands but not counted because of difficulty of detection there.
Table 1. Species of web spiders occurring at three Bahamian sites during four studies.





























I. Very-large-island Experiment (Staniel Cay) II. Medium-to-Iarge- III. Smalll-to-medium-isiand .j:>.ro
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3. Spider NC NC 0.269d 0.396" 0.174 0.344 0.068 0.036 0.257
composite
diversity"
4. Spider NC NC 0.797' 0.681' 0.885 0.748 0.964 0.981 0.839
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5. Sea- 1.62 3.23 0.45 1.49 0.59 1.87 NC NC NC
grape
leaf damage (percent)




I. Very-large-island EXperiment (Staniel Cay) II. Medium-to-Iarge- III. SmaIII-to-medium-island
island Observations Experiment and Observations
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DL measure (Schoener, 1988), green morph
# Back-transformed adjusted means from ANCOVAs
a E. ravilla included in Data Set I but not II because of detection difficulty on islands (it is mainly active nocturnally)
b Means of the individual census means for Data Set IS; means of the cumulative values (computed from frequency distributions of
all the time-series data added together) for Data Sets II and III (a cumulative measure had to be used for these data sets because islands someti­
mes had no spiders so composite diversity and dominance could not be computed)
c Note that values for Data Sets IA and IS are given in Spiller and Schoener (1988, 1944) per enclosure, not per trap as in this table
d Cumulative measures are 0.308 and 0.461, respectively
Table 2. Effect of lizards on food-web variables: Mean values of the variables with and without lizards (NC = not calculated).
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Because the latter comprised only a small
portion of the total leaf damage, overall
damage was substantially decreased by
lizards: lizard enclosures had twice as much
overall damage as did no-lizard enclosures
(Tabs. 2, 3).
B. Experiment 2-Two-way lizard and
spider removal. This experiment was staged
at the same site as was Experiment I and was
conducted after the latter's completion
(Spiller and Schoener, 1994). The expanded
design (2x2 factorial) had four treatments (n =
3 for each): (I) controls with lizards and spi­
ders unaltered (natural densities); (2) lizards
removed and spiders unaltered; (3) spiders
removed and lizards unaltered; and (4) both
lizards and spiders removed; all treatments
were conducted within enclosures. We again
used three vegetation blocks of four plots
each; treatments were assigned randomly wit­
hin each block. Enclosure construction was
identical to that in the previous experiment,
but note that an additional six enclosures had
to be erected. Enclosures in Treatments I and
2 were stocked up to a level of nine A. sagrei
lizards apiece, the same density used in the
previous experiment. We monitored the expe­
riment at one-to three-month intervals from
May 1989 to December 1994; results for
aerial arthropods and leaf damage were com­
piled through March 1992. Methods were as
in the previous experiment, except that mines
and scars were measured separately (but note
we again lump all damage types for purposes
of the present paper).
Results of this experiment were as
follows. The time average for total density of
spiders was significantly higher, 1.8 times, in
the treatment with only lizards removed than
in the control (Fig. 2, right; Tabs. 2, 3; Spiller
and Schoener, 1998). Also as in the previous
experiment number of spider species was sig­
nificantly higher in the treatment with only
lizards removed than in the control (Fig. 2,
right; Tabs. 2, 3); the effect ratio was somew­
hat greater-I.6 here vs 1.2 in the first expe­
riment. In addition to number of species, we
calculated (as in Spiller and Schoener, 1998)
two other measures of species diversity that
incorporated relative abundances. First, we
calculated composite diversity, the modified
Simpson index (as suggested by Lande
[1996]):
where Pi is the proportion of the total number
of individuals belonging to Species i and S is
the number of species. Second, we calculated
dominance, the proportion of the total number
of individuals belonging to the most abundant
species, in this case Metepeira datona.
Composite diversity was higher in no-lizard
enclosures, while dominance was lower, alt­
hough the second tendency was only margi­
nally significant (Fig. 3, right; Tabs. 2, 3).
Figs. 4 and 5 show how the numbers of indi­
vidual spider species varied during the expe­
riment. Numbers of aerial arthropods in the
same two treatments were almost identical
and not significant in the overall analysis
(Spiller and Schoener, 1994) (Tabs. 2, 3). The
effect of spiders on aerial arthropods was
more substantial, apparently stronger than the
effect of lizards. Finally, mean amounts of
the major leaf-damage types--scars, mines
and holes-were greater in each of the two
treatments with lizards removed than in con­
trols (Spiller and Schoener, 1994, 1996), but
means with only spiders removed and con­
trols were nearly identical. Galls were extre­
mely rare in this experiment, and no signifi­
cant effect was detected. Overall mean leaf
damage (Tabs. 2, 3) was significant (Spiller
and Schoener, 1994, 1996), being 3.3 times
greater in lizard-removal enclosures than in
enclosures with lizards. The lizard-spider
interaction was not significant for either aerial
arthropods or leaf damage, indicating that
compensatory predation was absent or at best
weak.
II. Medium-to-Iarge-island observations.
We have been censusing spider abun­
dances on over 100 islands in the vicinity «
20 km) of Staniel Cay since 1981 and measu-
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Fig. 2. Comparison of the time course of the experiment on small-to-medium islands (Abaco,
Data Set III) with that of the second experiment on a very large island (Staniel, Data Set IB).
Each point represents a treatment mean for a single census. ThP. row: total web-spider density­
left, very small islands; right, very-large-island enclosures. Bottom row: total number of web­
spider species (species richness�left and right as above.
Fig. 2. Comparacio del curs temporal de I 'experiment sobre illes petites a mitjanes (Abaco,
Conjunt de Dades 111) amb el del segon experiment a una ilia molt gran (Staniel, Conjunt de
Dades IB). Cada punt representa una mitjana tractament per a un recompte unic. Filera de dalt:
densitat d'aranyes de xarxa - esquerra. illes molt petites; dreta. tancats a illes molt grans.
Filera de sota: nombres totals de les especies d 'aranyes de xarxa (riquesa d 'especies) - esque­
rra i dreta com a dalt.
ring leaf damage in sea grape since 1986 on
all of those islands where that species occurs
(II islands with lizards, 7 islands without
lizards). We (Spiller and Schoener, 1995,
1996) concentrated on that subset of those
islands that included all islands 2: 1 00 m'
(vegetated area) and with maximum vegeta­
tion height 2:1 m, because most populations
on poorer islands were small and ephemeral.
In addition, we excluded islands with recor-
ded lizard turnover (immigration or extinc­
tion) and islands successfully colonized by
spiders in a species-invasion experiment
(Schoener and Spiller, 1995). With these fil­
ters, we obtained 27 islands with lizards and
24 islands without lizards; these are the
islands used for the spider analyses below. As
in a previous recent treatment (Spiller and
Schoener, 1995), we use here the data from
1981 to March 1990, a 10-year period, to
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Fig. 3. Comparison of time courses of the experiment on small-to-medium islands (Abaco, Data
Set III) with the second experiment on a very large island (Staniel, Data Set IB). Each point
represents a treatment mean for a single census. Th.!2 row: web-spider composite diversity-left,
very small islands; right, very-large-island enclosures. Bottom row: web-spider dominance­
left and right as above. For Data Set III, when values could not be computed for a particular
island at a particular date (because no spiders occurred there), "0" was used for composite diver­
sity and "I" was used for dominance.
Fig. 3. Comparacio del curs temporal de I 'experiment en illes petites a mitjanes (Abaco,
Conjunt de Dades III) amb el segon experiment a una illa molt gran (Staniel, Conjunt de Dades
IE). Cada punt representa una mitjana de tractament per a un unic recompte. Filera de dalt:
diversitat composta d'aranyes de xarxa -esquerra, illes molt petites; dreta tancats a illes molt
grans. Filera de baix: dominancia d 'aranyes de xarxa -esquerra i dreta com a dalt. Per al
Conjunt de Dades III, quan les valors no es podien computar per a una illa particular a una
data particular (perque no hi havia aranyes), s 'emprava "0" per calcular la diversitat com­
posta i "I" per calcular la domiruincia.
analyze properties of spiders. From another
previous recent treatment (Spiller and
Schoener, 1997), we use data from 1986
(when a dynamic measure of herbivory was
first employed) through 1993 to analyze leaf
damage in sea grape. Additionally, we did a
static measurement of leaf damage in a small
species, buttonwood (Conocarpus erectus)
during 1984 (Schoener, 1988), which we shall
also discuss in the present paper.
Web-spider censuses proceeded as
follows. All webs were counted on each
island, and their occupants, if any, noted as to
species, size and (if possible) sex. Spiders
without webs were noted but not included in
the counts; few such spiders were seen.
Vegetation on these islands was typically 0.5-
1.5 m in height and was sparse, so that we
were able to inspect visually most foliage for
webs. To minimize the possibility of missing
a web, we performed censuses in teams of
two or three persons walking in tandem.
Because of the small areas of most of the
islands, it was almost always practical to cen­
sus the entire island; in a few cases (Schoener
and Spiller, 1992) we censused only part of
the island and extrapolated, stratifying the
island by vegetation type. Each annual census
was conducted in late April or May. This
period of time coincides with the end of the
dry season, and between-year variation then is
less or no greater than that at other times of
the year for which we have data. This may be
largely because weather is usually more seve­
re during other times, such as winter when
cold fronts destroy large numbers of spiders,
or late summer to autumn, when hurricanes
sweep across the Caribbean. Tab. I lists the
web spider species found in these censuses.
Of these, M. datona and E. cazieri were by far
the most abundant overall; A. argentata and
G. cancriformis were the two other most com­
mon species. Lizards on these islands are
mostly Anolis sagrei; Anolis carolinensis,
Ameiva festiva and Leiocephalus carinatus
also occur on some of the (mostly largest)
islands.
Leaf damage in sea grape is measured
dynamically much as in the set of experi­
ments just described, except that sampling
techniques were necessarily somewhat diffe­
rent. On islands with fewer than 8 sea-grape
plants, all plants were sampled. On islands
with 8-20 plants, sampled plants were chosen
systematically by including every other plant
encountered on a circular ambit of the island.
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On islands with> 20 plants, every third plant
so encountered was sampled. We distinguis­
hed the same categories of damage as in the
first experiment described above; galls were
practically absent. Again, damage types were
combined for the analysis herein.
The other species whose herbivory was
measured, buttonwood, exists as more-or-Iess
discrete morphs, silver and green, in which
leaf trichomes are numerous or few, respecti­
vely (Schoener, 1987). Because only green
buttonwood occurs in the comparison region
(very small islands of Abaco, see III below),
we only report damage for that form here.
Unlike sea grape, for which damage was mea­
sured nondestructively in the field, we measu­
red buttonwood damage by collecting leaves
and analyzing them in the laboratory with a
digitizer. Leaves collected for analysis were
sampled by systematic selection of trees such
that number of trees sampled was roughly
proportional to the logarithm of buttonwood
surface area on an island, with the maximum
number per island being 10 trees. To sample
leaves, we tossed a square haphazardly onto
each tree and collected that cluster of leaves
closest to the landing point; up to 9 samples
per tree were thus obtained. As before, we
used mean of the percent areal damage per
leaf (taken over all leaves from a particular
island) as our measure of herbivory.
Results for web spiders were as follows
(note that previous treatments [Spiller and
Schoener, 1995, 1996] are only for orb-web,
not other types of web spiders; we have added
the latter here-see also Tab. I). The total
number of spider individuals must be measu­
red in some way that takes into account the
several-orders-of-magnitude variation in area
that the study islands show. One solution is to
divide by area to obtain densities; this is a
sensible procedure because a reasonable
assumption, made for example in many bio­
geographical models (Preston, 1962;
MacArthur and Wilson, 1967; Schoener,
1976b) is that number of individuals is pro­
portional to area. A huge difference in total
spider densities occurs between lizard and no-
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Table 3. Effect of lizards on food-web variables: Effect ratios
t(NC= not calculated).
Taula 3. Efectes de les sargantanes sabre les variables de la xarxa trofica: taxes d'efectes (NC= No calculat).
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Fig. 4. Time courses of abundance for particular species from the second very-large-island expe­
riment (Staniel, Data Set IB). Each point represents a treatment mean for a single census. Full
species names given in Tab. I. Species are excluded from Figs. 4-5 if they were so rare that
fewer than five individuals were recorded in the entire data set; i.e., summed over all dates and
enclosures.
Figura 4. Curs temporal de I 'abundancia per a especies concretes del segon experiment a una
ilia molt gran (Staniel, Conjunt de Dades IE). Cada punt representa una mitjana de tractament
per a un recompte unic. Eis noms complets de les especies es donen a la taula I. Les especies
s 'exclouen de les figures 4-5 si eren tan rares que names s 'havien registrat menys de cine indi­
vidus en el conjunt complet de dades (es a dir; sumades en totes les dades i tancats).
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Fig. 5. More time courses of abundance for particular species from the second very-large-island
experiment (Staniel, Data Set IB). Each point represents a treatment mean for a single census.
Full species names given in Tab. 1.
Fig. 5. Mes cursos temporals d 'abundancia per a especies concretes del segon experiment a una
illa molt gran (Staniel, Conjunt de Dades IB). Cada punt representa una mitjana de tractament
per a un recompte unic. Els noms complets de les especies es donen a la taula 1.
lizard islands; the latter have 5.7 times the
densities as do the former (Tabs. 2, 3; see
Spiller and Schoener [1995] for various statis­
tical evaluations). Unfortunately, it is well
known that the number of species is not best
represented as directly proportional to area
(above references), so that division by area is
for that variable not justified. Alternatively,
we can do covariance-type analyses, with
island area as the covariate, and number of
species and island area transformed appro­
priately. Of the two possibilities, number of
species and log number of species vs log area,
the latter gave the greater linearity, so we used
that transformation here. The first step is to
include in the model the interaction for the
main effect (lizard presence and absence)
with the covariate, log area. The interaction
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Fig. 6. Left. Log., mean total number of spider individuals versus loglo island area for medium­
to-small islands (Exumas, Data Set II). Right. Log., mean number of web spider species (spe­
cies richness) vs loglo island area for medium-to-small islands (Exumas, Data Set II). Means are
averages of values from 1981 through 1990 inclusive.
Fig. 6. Esguerra. Log» del nombre total mitja d 'aranyes individuals versus log» de I 'area insu­
lar per a illes mitjanes a petites (Exumas, Conjunt de Dades II). Dreta. Log» del nombre mitja
d 'especies d 'aranyes de xarxa vs log,« de I 'area insular per a illes mitjanes a petites (Exumas,
Conjunt de Dades Ii) log,« de I 'area insular per a illes mitjanes a petites (Exumas, Conjunt de
Dades 11). Les mitjanes son els promedis dels valors de 1981 a 1990 inclosos.
was not significant (in this analysis and all
others below), indicating equality of slopes,
so we then can do a "normal" ANCOVA.
This analysis shows both area and the lizard
effect to be significant (Tab. 4); Fig. 6 illus­
trates the data. From this analysis, we can
calculate adjusted (= least squares) means to
remove the effect ofarea (Tab. 2). The ratio of
adjusted means, back-transformed to arithme­
tic values, can be computed as a measure of
effect size; it is 1.7 (Tab. 3). This ANCOVA
methodology can provide an alternative to the
method we used above for evaluating the
lizard effect and computing effect size for
total spider individuals, where now we use
log number rather than density as the depen­
dent variable. This might be especially appo­
site when something additional to area, e.g.
some habitat measure that correlates with
area, is influencing the form of the plot of
number of spiders vs area. Tab. 4 shows that
both the lizard and area effects are highly sig­
nificant. When adjusted means are computed
and back-transformed to arithmetic values,
the effect ratio is 4.9, very close to the 5.7
value obtained using densities. Finally the
same ANCOVA procedure for the other two
variables associated with species diversity,
composite diversity and dominance, shows
that the area effect is not significant (Tab. 4;
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Source df F P
I. Log total number of spiders
log area 1,45 51.02 5x I 0.5*
lizards 1,45 29.85 5x I 0.5*
2. Log number of spider species
(species richness)
log area 1,45 9.86 0.002*
lizards 1,45 12.83 4xI0"'*
3. Arcsine sqrt spider composite
diversity
log area 1,45 0.25 0.620
lizards 1,45 7.84 0.008
4. Arcsine sqrt spider composite
diversity
lizards 1,46 9.05 0.004
5. Arcsine sqrt spider dominance
log area 1,45 0.27 0.609
lizards 1,45 7.95 0.007
6. Arcsine sqrt spider dominance
lizards 1,46 9.13 0.004
* One-tailed P value: all unmarked P's two-tailed; note that we consider tests involving
number of individuals and number of species (except for interactions) to have directional
hypotheses because of prior theory and data; tests involving composite diversity and domi­
nance use two-tailed P values.
Table 4. Statistical results for ANCOYAs and ANOYAs, Data Set II (Type III SS).
Taula 4. Resultats estadistics per a ANCOVAs i ANOVAs, conjunt de dades II (Tipus 11/ SS).
see Fig. 7 for the lack of an area effect). Thus
we drop area and compute significance as a
simple one-way ANaYA; P values for the
two are very low (Tab. 4). Effect ratios are
computed directly from means of the respec­
tive island values (Tab. 2); these are 2.0 and
1.2, respectively. Despite the large variation
in effect ratios, note again that the lizard.
effect is significant for all four variables.
The lizard effect on herbivory in the
two species of plants studied is always nega­
tive (less damage with lizards) and statisti­
cally significant. Sea-grape leaf damage is
3.2 times greater in the absence than presence
of lizards (Tabs. 2, 3; Spiller and Schoener,
1997). The one-time analysis of buttonwood
leaf damage gave a rather small ratio of leaf
damage, however, being only 1.3 (Tabs. 2, 3;
Spiller and Schoener, 1996).
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III. Small-to-medium islands=-experimen­
tal introduction of lizards and observations
from unmanipulated lizard and no-lizard
islands.
The study system consisted of 12
small-to-medium islands covered with fairly
closely spaced shrubs and a few grasses.
Height of the vegetation rarely exceeded 1.5
m and was usually substantially less. All
islands were located in a 3.2 x 2.0-km area
that was part of a protected "creek" waterway
just south of Snake Cay, Great Abaco.
The experiment had three treatments:
(I) lizards present naturally and unmanipula­
ted; (2) lizards introduced where absent natu­
rally and (3) lizards absent naturally and
unmanipulated. Each treatment had 4 islands;
to reduce initial differences between
Treatments 2 and 3, all islands without lizards
were first stratified into pairs similar in area
and vegetation, then one from each pair was
randomly assigned to Treatment 2. Note that
we can compare the manipulated treatment to
either of the unmanipulated treatments (the
latter acting as controls), or we can compare
Treatments I and 3; this is in fact comparing
natural lizard with natural no-lizard islands.
The manipulated species was again the lizard
Anolis sagrei. This species is slightly smaller
over the Little Bahama Bank, where Abaco is
located, than in the Exuma region farther
south: snout-vent length of males was 50.8
mm (N = 103) and that of females was 40. I
(N = 80; means of largest third, as above). On
islands where it was initially present, it was
the only diurnal lizard.
On 28 April 1988, we introduced 3
female and 2 male adult lizards onto each
island in Treatment 2; a previous experiment
(Schoener and Schoener, 1983) indicated that
this propagule size was sufficient for esta­
blishment. Propagules established success­
fully, and populations did not become extinct
for the 7-year duration of the experiment.
Populations on islands having lizards natu­
rally also showed no extinctions during that
time.
Measurement of leaf-damage variables
was performed at yearly intervals. Spider
variables (total density of individuals, number
of species, composite diversity, dominance)
were measured -4 months, 6 months and 16
months after experimental inception, as well
as at all yearly intervals. Variables were com­
puted from counts of each spider species over
an entire island. The spider species found
during this experiment are listed in Tab. 1. At
the same intervals as for spider variables, we
sampled aerial arthropod abundance with
sticky traps (4-6 per island); traps were iden­
tical to those used in the very-large-island
experiment and were suspended 0.25-0.50 m
above the ground. Duration of trap exposure
and collection of data also followed procedu­
res outlined above for the very-large-island
experiment. We measured herbivory for the
commonest shrub species on the islands, but­
tonwood. Leaves were sampled as follows.
Before the manipulation, we measured each
buttonwood shrub. We then randomly selec­
ted from 4 to II (x = 5.7) "large" shrubs,
depending on the number available (the latter
ranged from 7 to 35 "large" shrubs; see
Schoener and Spiller, in press, for definition
of "large"). To sample leaves, we tossed a
square haphazardly onto each shrub from I to
5 times, depending on the shrub size, and
collected that branch let or clump of branch­
lets closest to a marked comer. Sampling in
subsequent years used the same shrubs as
selected for initial sampling (except those
diminishing markedly in size were excluded).
A year's sample averaged 2484 leaves.
Leaves were stored in plant presses and
brought to the laboratory, where the total area
and areas of various damage types were mea­
sured with a digitizer. We distinguished three
types of leaf damage: scars, holes and lines.
The first two categories are defined as above;
"lines" were highly elongated, typically ser­
pentine, slightly raised areas. Herbivores
identified from buttonwood so far are
Lepidoptera from the families Noctuidae
(Col/omena filifera and unknown species)
and Gelechiidae, as well as a curculionid bee-
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Fig. 7. Left. Arcsine-square-root mean composite diversity vs loglo island area for medium-to­
small islands (Exumas, Data Set II). Right. Arcsine-square-root mean dominance vs logic island
area for medium-to-small islands (Exumas, Data Set II). Means are averages of values from
1981 through 1990 inclusive.
Fig. 7. Esguerra. Mitjana de l'arrel quadrada de I'arcsinus de la diversitat composta vs log»
de l'area insular per a illes mitjanes a petites (Exumas, Conjunt de Dades II). Dreta. Mitjana
de I 'arrel quadrada de I 'arcsinus vs. log» de l'area insular per a illes mitjanes a petites
(Exumas, Conjunt de Dades II). Les mitjanes son els promedis de les valors de 1981 a 1990
inclusive.
tie (Artipus floridanus). In addition, using
confinement trials we showed line damage to
be produced by the flea beetle Chaetocnema
brunnescens (Chrysomelidae). In the analyses
below, we combined all damage types as
above to produce the variable total leaf dama­
ge.
Results of the experiment and observa­
tions were as follows.
Before introduction, the two island
classes without lizards had similar spider den­
sities of individuals and number of spider spe­
cies (Fig. 2). These values were substantially
larger than those for the islands with natural
lizard populations; spider density on the for­
mer was 6.7 times, and the number of species
was 1.8 times, that on islands having lizards
naturally. After lizard introduction, both spi­
der density and number of species dropped
precipitously, and in two years their mean
values nearly coincided with values for
islands having lizards naturally (Fig. 2, left).
The two pairs of means remained similar
throughout the five remaining years of the
experiment, suggesting that a new state had
been reached. The time series for composite
diversity and dominance behaved rather simi­
larly, except initial treatment values were
somewhat closer, at least on an arithmetic
scale (Fig. 3, left). However, as time progres­
sed, a fairly clear divergence of the introduc­
tion-island mean from the no-lizard-island
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mean occurred, and the two classes of lizard
islands showed quite similar values (lower
composite diversity, higher dominance)
during the final five years. Because of the
similarity of these two lizard classes-intro­
duction and lizards present naturally-we
combine the two for statistical evaluation. For
all four variables, the difference between
these two classes combined and the no-lizard
class (Tab. 2) is highly significant (for time
averages, P = two-tailed, P = 0.015 and P =
0.018, for composite diversity and dominan­
ce, respectively; see Schoener and Spiller
[1996] for the first two variables). Figs. 8 and
9 show how the numbers of individual spider
species varied during the experiment.
To present effect ratios, we make two
comparisons for each variable: natural lizard
vs natural no-lizard, and introduction vs natu­
ral no-lizard (Tab. 3). This is because in some
cases the two ratios are very different. For the
first comparison, which includes non-mani­
pulated islands only, ratios for both spider
density and composite diversity are both very
high: 7.0 and 7.1, respectively. The ratio for
spider species number was 3.4, whereas that
for dominance was 1.2. Ratios using introduc­
tion islands in place of islands having lizards
naturally were generally smaller, being 5.0,
3.0, 3.8 and 1.1, respectively. By tracking
individual species (see below, Figs. 8 and 9),
we were able to document in detail the devas­
tating effect of lizard introduction. The pro­
portion of species becoming extinct was 12.6
times higher on lizard-introduction islands
than on islands without lizards. Locally com­
mon and rare species were both reduced by
the introduction of lizards, but nearly all of
the latter became permanently extinct.
The lizard effect on spiders is mainly a
direct one (Spiller and Schoener, 1990a). The
lizard effect on the other variables in this
experiment is indirect; patterns were weaker
and more variable. Lizards reduced leaf
damage of buttonwood, but an overshoot
occurred on introduction islands; herbivory
there during the middle years of the experi­
ment was less than that on islands having
lizards naturally (Tab. 2). This difference is
reflected in the effect ratios: that using the
natural lizard and no-lizard islands is small,
being 1.3, whereas that using introduction and
no-lizard islands is substantially larger, being
4.4 (Tab. 3; P's for time averages of the two
comparisons are mostly very small [Schoener
and Spiller, in press]). Curiously, the lizard
effect on aerial arthropods, when one occu­
rred, was opposite in direction to that in the
experiments on a very large island (Tab. 2).
Lizards significantly increased the number of
small (:0;4 mm) arthropods but had no signifi­
cant effect on large arthropods (Schoener and
Spiller, in press); note that most arthropods
were small. Effect ratios were always small,
and in the case of large arthropods inconsis­
tent in direction among the two comparisons
(Tab. 3).
Collation and interpretation
Data from the experiments just descri­
bed are now used to determine whether the
effect of lizards on spiders, which is largely a
direct result of predation, is stronger on small
or large islands. To accomplish this, we arran­
ge the data in the tables according to island
area, from the largest to the smallest. Tab. 2
gives the raw data, and Tab. 3, which we shall
concentrate on, gives the effect ratios-larger
over smaller of the two treatment means
being compared; the greater the ratio, the gre­
ater is the effect. Note that these ratios are
mostly computed from data with no obvious
temporal trend, rather than from data whose
values are changing systematically through
time; for experimental data, this generally
entails computing the time-average over the
latter portion of the experiment; for observa­
tional data, the entire time period is used to
compute time-averages. An exception is but­
tonwood leaf damage in Data Set III, for
which there is an overshoot lasting several
years on introduction islands (see below);
final values here are about the same, being all
low, for all three treatments. So far as conclu-
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Fig. 8. Time courses of abundance for particular species from the small-to-medium-island expe­
riment (Abaco, Data Set Ill). Each point represents a treatment mean for a single census. Full
species names given in Tab. I. Species are excluded from Figs. 8-9 if they were so rare that
fewer than five individuals were recorded in the entire data set, i.e., summed over all dates and
islands.
Figura 8. Cursos temporals de l'abundancia d 'especies concretes de I 'experiment en illes peti­
tes a mitjanes (Abaco, Conjunt de Dades III). Cada punt representa una mitjana de tractament
per a un unic recompte. Els noms complets de les especies es donen a fa taula 1. Les especies
s 'exclouen de les figures 8-9 si eren tan rares que names s 'havien registrat menys de cine indi­
vidus en ef conjunt complet de dades (es a dir; sumades totes les dates i tancats).
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Fig. 9. More time courses of abundance for particular species from the small-to-medium-island
experiment (Abaco, Data Set III). Each point represents a treatment mean for a single census.
Full species names given in Tab. I.
Fig. 9. Mes eursos temporals de I 'abundancia per a especies concretes de I 'experiment ales
illes petites a mitjanes (Abaeo, Conjunt de Dades lll). Cada punt representa una mitjana de
traetament per a un unic reeompte. Els noms eompLets de Les especies es donen a La tauLa 1.
sions concerning spatial differences in com­
parison of direct vs indirect effects, using a
long-term average for these data, which we
do, is conservative. Also be aware that ratios
are best compared among the same kind of
data (i.e., like quantities). Thus ratios of com­
posite diversities or dominances may not be
expected to vary the same way as ratios of
densities or numbers of species. Ratios of
adjusted means from ANCOVAs may also
vary differently from those using raw data;
however, note that in the single instance for
which we computed ratios both ways (total
spider density, Data Set II), the two ratios
were very close (see above). Finally, note that
Tab. 5 gives the rankings of ratios, as well as
separate rankings of mean values of the varia­
bles for lizard and no-lizard treatments; this
will be helpful in following the discussion
below.
The negative effect of lizards on the
density of all spiders combined shows a near
monotonic increase from very large to very
small islands (Tabs. 2, 3, Row I). Effect ratios
increase from 1.8 to 7.0; only the comparison
of introduction to no lizard islands (III),
whose ratio is 5.0, is slightly out of order,
being less than the 5.7 ratio attained from
observations on medium-to-large islands (but
notice an alternate way of computing the lat­
ter gives 4.9, which places it back in order).
Note from Tab. 5 that there is somewhat of a
tendency for data sets with greater densities to
have lower ratios: thus the two very-large­
island experiments (I) have greater densities
than the two island sites; however, within that
set (compare IA to JB) and within the non­
main-island sites (compare II to III) the ten­
dency is reversed for no-lizard data and rever­
sed in the latter for lizard data. To the extent
that the tendency exists, it is the opposite of
that found for temporal variation of islands of
the Exumas site (Data Set II) over a l O-yr
period (Spiller and Schoener, 1995); in the
latter, the higher the density, the higher the
ratio. In both studies, densities of lizard and
no-lizard treatments at the same site or time
tend to co-vary, i.e., they rise or fall together
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(Tab. 5); here, only the two very-large-island
experiments are out of order.
Species richness (number of spider spe­
cies) shows the same tendency as does spider
density: the smaller the island, the greater the
lizard effect, which is here to reduce species
number (Tabs. 2,3, Row 2). The tendency is
here perfectly monotonic. Ratios show less
variation (1.2-3.4) than those for densities.
The mean number of species again shows a
tendency to be higher, the smaller the ratio,
i.e., to be higher for data sets with larger
islands: the rank is exactly the same for no­
lizard treatments as for spider densities. The
species tendency for lizard treatments is more
monotonic than the same tendency for spider
densities; in fact species number ranks
exactly inversely with effect ratio. It follows
that lizard and no-lizard treatments do not co­
vary perfectly, but they tend to do so. Finally,
note that the total number of species found du­
ring the appropriate time period at each site is
simi lar from one data set to another (Tab. I).
Composite diversity was computed for
three, rather than four data sets, so trends are
somewhat less well evaluated. Nonetheless,
the same results occur: lizards reduce compo­
site diversity, and the smaller the island, the
greater the effect ratio (Tabs. 2, 3, Row 3).
Actual values increase monotonically with
decreasing ratio (and thereby increasing
island size); ratios range from 1.5 to 7.1;
lizard and no-lizard treatments co-vary per­
fectly. Note, of course, that composite diver­
sity is not independent of species richness, so
this and the previous (and the subsequent)
comparisons are not independent.
Although lizards increase dominance,
that variable shows virtually no variation at
all in effect ratio-three values equal 1.2 and
the fourth is 1.1 (Tabs. 2, 3, Row 4). This is
despite variation among data sets in absolute
values of dominance: no-lizard treatments
have values ranging from 0.681 to 0.839, and
they decrease monotonically from small to
large islands; lizard treatments have values
ranging from 0.797 to 0.981, and they also
decrease monotonically from small to large
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Variable o Ranking of Ratios Ranking of Mean Values
(smaller to larger) (larger to smaller)
Lizard No-lizard








3. Spider composite diversity IB IB IB
II II II
III III III
4. Spider dominance :;t III IJJ
II II
IB IB
5. Sea-grape leaf damage IA IA IA
II II II
IB IB IB
6. Buttonwood leaf damage II II II
IJJ III IJJ
7. Total number aerial arthropods IB III III
IA IB IB
III IA IA
t ":;·signifies that ratios are about the same
, For Data Set III, the average of the two ratios is used
Table 5. Rankings of data sets by magnitude of the effect ratio and magnitudes of the mean
values for the major variables used in this study. Ratios are ranked from smaller to larger while
mean values are ranked from larger to smaller. Hence (1) When ratios and mean values show
the same order ofdata sets, a perfect inverse co-variation occurs, and (2) When mean values
for lizard and for no-lizard treatments show the same order of data sets, a perfect direct co­
variation occurs. Roman numerals refer to data sets in Tabs. 2,3.
Taula 5. Ordenacions de conjunts de dades segons la magnitud de la taxa de I 'efecte i les mag­
nituds dels valors mitjans per a les variables principals emprades en aquest estudi. Les taxes
s 'ordenen de 'menor a major, mentre que les valors mitjans s 'ordenen de major a menor. Per
aixo, (I) quan les taxes i valors mitjans presenten la mateixa ordenacio de conjunts de dades, hi
ha una covariacio inversa perfecta, i (2) quan els valors mitjans per als tractaments amb sar­
gantanes i sense sargantanes presenten la mateixa ordenacio de conjunts de dades, hi ha una
covariacio perfecta, Eis numeros romans es refereixen als conjunts de dades de les taules 2 i 3.
islands. Thus all values are rather large, but
the tendency reaches its extreme on the very
small islands of the Abaco experiment (III),
where monocultures of Eustala cazieri are
common (recall that dominance for this data
set had to be computed from cumulative
data=-see above).
Very interestingly, the indirect effects
of lizards, on leaf damage and (in part) on
aerial arthropods, show similar but substan­
tially weaker trends in effect ratio from small
to large islands than the direct effect.
Leaf damage of sea grape can be com­
pared for two sites, one of which has two
experiments (lA, IB, II; Tabs. 2, 3, Row 5).
Effect ratios increase from the average of the
two very-large-island data sets to the
medium-to-large-islands data set. However,
values only vary from 2.0 to 3.3, and one of
the ratios for the very large island is slightly
greater than that for the medium-to-large
islands (3.3 vs 3.2, respectively). Magnitude
of damage increases with decreasing ratio,
and the lizard and no-lizard treatments co­
vary perfectly.
Leaf damage of buttonwood has only
two data sets to compare (II and III; Tabs. 2,
3, Row 6). Within one of these sets, however
(Abaco experiment, III), we can look at two
ratios, that for natural lizard to natural no­
lizard islands and that for lizard-introduction
to natural no-lizard islands. The former com­
parison (which is entirely observational)
gives the same ratio as that for the medium­
to-large islands (II), being 1.3. However, as
described above, introduction islands showed
an overshoot of the lizard effect, i.e., leaf
damage there became significantly smaller
than on either of the other treatment classes,
including natural lizard islands. The effect
ratio here is 4.4, substantially higher than the
1.3 for medium-to-large islands. As before,
when comparing data sets actual values of
damage rank inversely with the ratios, and
lizard and no-lizard treatments co-vary per­
fectly.
Total number of aerial arthropods can
be compared for three data sets, two from the
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very large island and one from small-to­
medium islands (lA, IB, III). First, we must
note that the effect of lizards on aerial arthro­
pods is not the same from one site to the next:
lizards decrease aerial arthropods on the very
large island but increase them on the small-to­
medium islands. The first effect is likely to be
direct, or mostly so, but the second must be
indirect. In any case, effect ratios are very
small, being 1.0 or 1.1 for the negative lizard
effect and 1.2 or 1.4 for the positive lizard
effect. While ratios are greater for the small­
to-medium islands, the effect reversal should
be noted. While lizard and no-lizard treatment
values (Tab. 2) co-vary perfectly, effect ratios
show no regular relationship to those values
(Tab. 5). Results for small arthropods alone
are similar (most arthropods are small), but
those for large arthropods show equal or
nearly equal effect ratios on small-to-medium
islands and a very large island (lA, III, Tabs.
2,3, Rows 9, 10).
In summary of the main trend, there is
an overwhelming tendency for the lizard
effect to be stronger, the smaller the island,
and it is especially evident for certain direct
effects, such as those on spider density, spider
species richness and spider composite diver­
sity. This fairly complete survey of our data
thus agrees with the more limited compari­
sons--all between the two experimental data
sets IB and III--reported by Spiller and
Schoener (1998). In the latter treatment, we
gave two reasons why the tendency might be
so.
First, we suggested that the lizard effect
should be stronger on islands rather than
mainlands because the experimental units
were more isolated in the former. Because the
plots are relatively close to one another on the
very large islands, dispersal of spiders from
removal to control treatments may have dilu­
ted the lizard effect. Perhaps more impor­
tantly, the heterogenous landscape on the very
large island may have contained habitats sui­
table for web spiders but not lizards, which
would be natural refugia for rare species and
sources of immigration for enclosures. Such
62 T. W Schoener and D.A. Spiller
refugia may not exist at all on small islands,
and sources having such refugia would be
much more distant. Indeed, nearly all species
that become extinct on the lizard-introduction
islands of the small-to-medium-island experi­
ment did not recolonize for the remainder of
the experiment. This can be seen from the
species-by-species time series given in Figs. 8
and 9; note the open triangles. In contrast, in
the lizard plots of the very-large-island expe­
riment most species becoming extinct later
recolonized. This can be seen for the corres­
ponding species-by-species time series of
Figs. 4 and 5; note the open circles. Note also
that lizards have been shown experimentally
to have a huge effect on the likelihood of suc­
cessful spider colonization (Schoener and
Spiller, 1995). Finally, on medum-to-large­
lizard islands, where we census the entire
island (and not just plots within the island),
some refugia may exist, and these would be
averaged into the island-wide spider density,
skewing its value toward that expected for a
no-lizard island.
A second reason why islands may
show a stronger lizard effect the smaller they
are involves diffuse predation, i.e., predation
by a number of different predator species
(Hixon, 1991; Menge et a!., 1994). The argu­
ment is that the more kinds of predators, the
more likely that removal of anyone of them
will fail to have a major effect because anot­
her predator or other predators will slow
down the expected increase of the prey. Other
vertebrates that may eat spiders (e.g. birds)
were present on the very large island (and
often observed within or near the experimen­
tal plots), but they were very infrequently
observed on the very small islands and
somewhat less infrequently observed on the
medium-to-large islands. It is likely that
invertebrate predators of spiders, e.g. hyme­
nopterans, also are more abundant the larger
the island (e.g. Schoener et a!., 1995). Hence
the impact of lizards on spiders may have
been weaker, the larger the island, because
predation was more diffuse, the larger the
island. Actual predation on the lizards them-
selves, expected to be highest on the very
large island, would further weaken the lizard
effect, i.e., soften the consequences of remo­
ving the predator. Somewhat at variance with
this general hypothesis is that the magnitude
of the effect of lizards on spiders we found on
the very large island was similar to that found
by Dial and Roughgarden (1995) in a Puerto
Rican rain forest, despite the latter's greater
complexity. This suggests that the relation of
degree of diffuse predation to the strength of
the lizard effect may level off over large to
very large island sizes.
Finally, the hypothesis that smaller
islands are more physically disturbed, there­
fore have lower population densities which
imply weaker species interactions, is clearly
contradicted by our data. Probably this is
because the reproductive rate of lizards is so
high that invading predators multiply rapidly,
as has been shown in other lizard introduction
experiments (Schoener and Schoener, 1983;
Losos and Spiller, in press) and has indeed
happened in the introduction experiment dis­
cussed here. The data are, however, consis­
tent with the opposing hypothesis given in the
introduction: predators reduce populations to
such sizes that they are more likely to be
"finished off" by physical factors, or vice
versa (indeed, additive density-independent
mortality factors act effectively to reduce the
intrinsic rate of increase, r, which means that
removal of one of them leads to a greater
effect ratio when the others are present than
when they are not). We have no direct eviden­
ce of such a mechanism, but we do find that
the rarer species are those becoming extinct
most readily (Schoener and Spiller, 1996;
Spiller and Schoener, 1998).
A secondary result of our comparisons
is that the difference between large and small
islands in effect ratio is smaller for indirect
than direct effects. If indirect effects in gene­
ral are small, then this would be expected,
because all ratios would tend to be small,
hence similar. In fact, arguments exist for
indirect effects being smaller than direct
effects overall (Schoener, 1993; Abrams et
aI., 1996), and this has been found to varying
degrees, both in our studies (Spiller and
Schoener, 1994; Schoener and Spiller, in
press) and in other studies (Schoener, 1993;
Menge, 1995). However, while indirect
effects might tend to be smaller than direct
effects, the difference in effect ratios could be
the same for large and small islands. Clearly,
the explanation of this secondary result
should it be real-and more corroborative
evidence is needed--awaits additional theore­
tical work.
In conclusion, when the precise ques­
tion is asked, does removal of a given type of
predator affect prey more on a small or on a
large island, the answer is resoundingly more
on the former. Different precise forms of the
general question concerning the relative
strengths of ecological interactions on small
vs large islands may have different answers.
Ours, however, has important implications for
the kinds of sites that would be especially sen­
sitive to the effects of an introduced predator.
In particular, isolated sites such as islands will
be affected more than equivalently sized sites
on a mainland, and the smaller the island, the
greater the impact. Likewise, fragmentation
of mainland habitats into small isolated sites
would particularly affect their vulnerability to
an invading predator. Thus our results may
provide a preview of impending environmen­
tal devastation yet at the same time confer
some causal understanding that helps point
the way toward prevention and even cure.
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Two of the most important evolutionary tendencies of vertebrates in islands are
the broadening habitat and trophic niche with regards to those relative species
that live in continental ecosystems. Therefore, we present two cases related with
these phenomenon and their ecological implications in the Canarian Archipelago.
Common Raven (Corvus corax) is present in all environments of the Canary
Islands where vegetation is highly structured according to altitude creating diffe­
rent types of macrohabitats. The role of the Common Raven (Corvus corax)
(Corvidae) as a seed dispersal agent for plants in the Canary Islands was studied
by means of analysing 2672 pellets collected from all islands of the archipelago.
Seeds of 16 species of phanerogams were found (4 endemic to the Canaries, 3
endemic to the Macaroncsian islands, 6 non endemic, and 3 introduced by
humans). The quality of the transport of seeds between habitats was evaluated in
a preliminary way by making use of the very high fidelity of the plant species to
particular macrohabitats. Of the 102580 potentially fertile seeds (excepting the
other 51061 infertile Ficus carica seeds) transported by Common Ravens, 76.5%
were regurgitated in theoretically suitable habitat while the remaining 23.5%
were taken to habitats that were not appropriate for the establishment.
Considering results from gerrnination and viability experiments and macrohabi­
tat patterns of dispersal, the Common Raven seems to be an important disperser
for 9 plant species: Lycium intricatum (Solanaceae), Opuntia ficus-indica
(Cactaceae), Rubia fruticosa and Plocama pendula (Rubiaceae), Juniperus tur­
binata and J. cedrus (Cupressaceae), Phoenix canariensis (Arecaceae),
Asparagus pastorianus (Liliaceae) and MyricaJaya (Myricaceae).
Endemic Canarian lizards genus Gallotia show a clear tendency to consume
vegetarian diet which contrast with the insectivorous feeding habits from the
majority of continental lizard species. G. atlantica consume a high amount of
Lycium intricatum (Solanaceae) fruits and these lizards are heavily predated by
the shrike (Lanius excubitori. Indirect seed dispersal in the system: Lycium,
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lizards and shrikes was studied in Alegranza, a xerophytic small island of the
Canarian Archipelago. A total of 835 seeds (224 obtained from lizard droppings
and 611 from shrike pellets) were found by analysing 123 droppings and 146
pellets respectively. Lycium fruit remains (including seeds) were observed in
31.7% of the lizard droppings and 50% of the shrike pellets. Lycium seeds were
significantly matched with the presence of lizard remains in shrike pellets. Seeds
in shrike pellets have come from fruit consumed by lizards which have been pre­
dated by the shrikes, and not directly from bird frugivory. Seeds from shrike
pellets showed significantly higher germination rates than those from uneaten
fruits and lizard droppings. It seems probable that different treatments in the guts
of each species and retention time could be two of the main factors influencing
the germination process. While gut pass time in G. atlantica has been estimated
to be 2.42 days on average, the retention time of a seed inside a shrike gizzard is
much shorter (45-55 min). This is a new case of the scarcely known phenomenon
of indirect seed dispersal, which seems to acquire a relatively important role in
small islands where the animal-plant interaction are very intense and all the ele­
ments of the system are native.
Keywords: trophic niche, habitats, ecology, evolution, islands, vertebrates,
Canaries.
Algunes implicacions ecologlques de I'eixamplament del ninxol trofic de ver­
tebrats ales illes Canaries.
Dues de les mes importants tendencies evolutives de les especies de vertebrats a
les illes son l'eixamplament de I'habitat i del ninxol trofic respecte els dels seus
parents continentals. Presentam dos casos relacionats amb aquests fenornens i
discutim les seves implicacions ecologiques a I'arxipelag canari.
El corb cornu (Corvus corax) es troba a tots els ambients de les Illes Canaries, on
la vegetacio esta molt estructurada d'acord amb l'altitud, creant diferents tipus de
rnacrohabitats. El paper dels corbs com a agents dispersors de llavors de plantes
a les Illes Canaries va esser estudiat rnitjancant l'anallsi de 2672 egagropiles
recol.lectades a totes les illes de l'arxipelag, Es varen trobar llavors de 16 espe­
cies de fanerogames (4 enderniques de Canaries, 3 enderniques de les illes maca­
ronesiques, 6 no endemiques i 3 introduides pels humans). La qualitat del trans­
port de llavors entre habitats va esser avaluat d'una manera preliminar fent servir
la fidelitat molt alta de les especies de plantes als rnacrohabitats concrets. De les
102580 llavors potencialment fertils (excloses les altres 51061 llavors no fertils
de Ficus carica) transportades pels corbs, el 76,5 % varen esser regurgitades a
habitats teoricament adequats, mentre que el 23,5 % restant varen esser duites a
habitats que no eren apropiats per a I'establiment de les plantes. Si es tenen en
compte els resultats dels experiments de germinacio i viabilitat i els patrons de
macrohabitat de la dispersio, el corb sembla esser un dispersor important per a 9
especies de plantes: Lycium intricatum (Solanaceae), Opuntia ficus-indica
(Cactaceae), Rubia fruticosa i Plocama pendula (Rubiaceae), Juniperus turbina­
ta i J. cedrus (Cupressaceae), Phoenix canariensis (Arecaceae), Asparagus pas­
torianus (Liliaceae) i MyricaJaya (Myricaceae).
Les sargantanes enderniques del genere Gal/otia presenten una tendencia a tenir
una dieta vegetariana, que contrasta amb els habits insectivors de la majoria de
sargantanes continentals. Gal/otia atlantica consumeix una quantitat elevada de
fruits de Lycium intricatum (Solanaceae), i aquestes sargantanes son fortament
depredades pel cap-xerigany (Lanius excubitor). A Alegranza, una petita ilia
xerofitica de l'arxipelag canari, es va estudiar la dispersio de llavors indirecta al
sistema Lycium, sargantanes i cap-xeriganys. Es va trobar un total de 835 lIavors
(224 provinents d'excrements de sargantanes i 61"1 d'egagropiles de cap-xeri­
gany) rera l'analisi de 123 excrements i 146 egagropiles respectivament. Es
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varen observar les restes de fruits de Lycium (Ilavors incloses) al 31,7 % dels
excrements de sargantanes i al 50 % degagropiles de cap-xeriganys. Les Ilavors
de Lycium es trobaven significativarnent associades amb la presencia de restes de
sargantanes ales egagropiles de cap-xerigany. Les Ilavors ales egagropiles de
cap-xerigany provenen de fruits consumits per les sargantanes depredades pels
cap-xeriganys, i no per frugivoria omitica directa. Les Ilavors provinents de les
egagropiles de cap-xeriganys presentaven unes taxes de germinacio rnes elevades
que les dels fruits no consumits i les dels excrements de les sargantanes. Sembla
probable que tractaments diferents al tracte digestiu de cada especie i el temps de
retencio puguin esser els dos factors principals que influeixen en el proces de ger­
rninacio. Mentre que el temps de pas pel tracte digestiu a Gallotia atlantica s'ha
estimat en 2,42 dies com a promig, el temps de retencio d'una Ilavor al gavatx
d'un cap-xerigany es molt rnes curt (45-55 minuts). Aquest es un nou cas del
fenomen poe conegut de la dispersio indirecta de Ilavors, que sembla adquirir un
paper relativament important a illes petites, on les interaccions planta-animal son
molt intenses i tots els elements del sistema son nadius.
Paraules clau: Ninxol trofic, Habitats, Ecologia, Evolucio, Illes, Vertebrats,
Canaries.
General evolutionary ecology tendencies of
vertebrates in islands
Oceanic islands offer special opportu­
nities for researching evolutionary ecology
phenomena in terrestrial vertebrates that have
adapted to this particular ecosystem. Some of
the most important evolutionary tendencies of
vertebrates that have evolved in islands are
related with broader habitats and trophic
niche, reduction of the clutch size, adaptative
radiation, tendency to evolve to giant or dwarf
forms, among others. Competition seems to
restrict the abundance of a species and its uti­
lisation of resources in continental areas.
However, in island populations it could reach
higher densities, to occupy different habitats
and have broader niches than their mainland
relatives (Gorman, 1979). This tendency
among animals gives rise to different ecologi­
cal interactions that have to do with three
basic' phenomenons, competition, predation
and mutualism. The last process include two
main aspects: I) pollination, a critical step in
the sexual reproduction of flowering plants,
and 2) seed dispersal that may enhance paren­
tal fitness in several ways. Mutualisms on
younger islands (e.g. volcanic ones) is pro­
bably more generalist than older islands with
relict continental biotas such as Madagascar,
New Caledonia or New Zealand (Given,
1995).
Despite the great interest that pollina­
tion and seed dispersal show in islands envi­
ronments, a small number of contributions
have been carried out. Therefore, the two
cases presented here are related with the first
two evolutionary ecological aspects mentio­
ned (broadening habitat and trophic niche)
and we expose its ecological implications in
the Canary Islands under the context of
mutualism relationship. Previously to show
these two cases and in order to get a general
knowledge of the origin, situation, climate
and natural history of the Canarian
Archipelago, a general overview is presented.
THE CANARY ISLANDS
The Canary Archipelago, composed by
seven main islands, is of volcanic origin and
lies in the Atlantic Ocean about 100 km (at its
nearest point) from the African continent
(Fig. I). The highest point is on Tenerife (Pico
Teide: 3718 m a.s.I.), while the lowest island,
Lanzarote, reaches only 671 m a.s.1. The lar­
gest island, Tenerife, is 2036 km' and the
smallest, EI Hierro, is 278 km'. The climate
on the Canaries varies distinctly with altitude.
Mean temperature and annual precipitation
ranges from about 21 QC and 100-300 mm,
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Figure 1. Situation of the
Canary Islands in the Atlantic
Ocean.
Figura 1. Situacio de les illes








respectively, in the coastal zone to about 9QC
and 500-800 mm, respectively, in the moun­
tain zone. Longitude also plays an important
role in climate variation. The eastern islands
closest to Africa (Lanzarote and Fuerte­
ventura) are low in altitude and highly
influenced by dry winds from the Sahara
Desert. Here vegetation is characterised by
xerophytic shrubs that only occur in lowlands
of the higher central and western islands of
the Canaries (Gran Canaria, Tenerife, La
Gomera, La Palma and El Hierro). These lar­
ger islands, however, have highly structured
forest zones distributed basically as a function
of altitude and orientation (Fig. 2). In the
upper part of the xerophytic shrub, there are
remains of a transition forest that was altitudi­
nally located between the xerophytic shrub
and the laurel forest (see Fig. 2). This macro­
habitat, composed by species as Juniperus
turbinata or Phoenix canariensis, has been
drastically reduced due to human activitres.
The dense evergreen laurel forest found on
the northern sides oflarger islands, consists of
nearly 20 species of trees and shrubs. Above
the laurel forest and xerophytic shrub is a
monospecific pine forest of the endemic
Pinus canariensis forming an open, dry
woodland. The vegetation of the highest parts
is characterised by a sparse shrub of legumi­
nous plants.
The flora of the Canaries has affinities
with those of the archipelagoes of the Azores,
Madeira, Salvages and Cape Verde, and all
these have been grouped into the so-called
'Macaronesian Islands'. A large proportion of
the floristic elements seem to have their ori­
gin in the Tertiary flora (especially that of the
Pliocene and Miocene) which occupied the
regions surrounding the Tethys Sea, primarily
in the Mediterranean basin and North Africa
(Bramwell, 1974).
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Vertebrates broadening habitat and trop­
hic niche in the Canary Islands: Ecological
implications
The case of the seed dispersal by
Common Ravens Corvus corax among
island habitats.
The Common Raven (Corvus corax)
(Corvidae) is markedly omnivorous through
most of its range (Heinrich, 1989; Nogales
and Hernandez, 1997), and birds from diffe­
rent areas show qualitatively similar diets, alt­
hough there are considerable quantitative dif­
ferences (Nogales and Hernandez, 1997).
While diets in continental environments are
dominated by vertebrates throughout the year,
Common Ravens on certain subtropical ocea­
nic islands (e.g. Canary Islands) include much
wild fruit in their diet (Nogales and
Hernandez, 1994). This apparent broadening
of trophic niche is a well-documented pheno­
menon in island birds (Grant, 1965; McArthur
et al., 1972).
On islands with important altitudinal
differences, such as the Canaries, the vegeta­
tion is highly structured, creating different
types of macrohabitats (Ceballos and Ortuno,
1951) (Fig. 2), and ravens readily move bet­
ween these macrohabitats, allowing a study of
large-scale seed movement. In contrast, most
studies address dispersal effectiveness at the
microhabitat level (Murray, 1988; Schupp,
1993; Ellison et al., 1993).
The main objective in this case was to
study the effects of Common Raven gut pas­
sage on the viability and germination of seeds
and the reliability of delivering seeds to a
macrohabitat appropriate for plant establish­
ment.
IOUTH NOHH
CENTRAL AND WESTERN ISLANDSEASTERN ISLANDS
Figure 2. Altitudinal distribution of the main macrohabitats of the Canary Islands, and ecologi­
cal implications of seed dispersal by Common Ravens (Corvus corax) in the various islands.
(+): 'horizontal' dispersal in which the seeds remain in the same habitat. (-): 'vertical' dispersal
in which propagules are displaced into different habitats. Central and western islands: Gran
Canaria, Tenerife, La Gomera, La Palma and EI Hierro. Eastern islands: Lanzarote and
Fuerteventura.
Figura 2. Distribucio altitudinal dels principals macrohabitats de les iltes Canaries, i implica­
cions ecologiques de la dispersio de flavors per corbs (Corvus corax) a diferents illes. (+) dis­
persia 'horitzontal
'
en que les flavors romanen al mateix habitat. (-): dispersio 'vertical' en que
els propaguls son desplacats a diferents habitats. Illes centrals i occidentals: Gran Canaria,
Tenerife, La Gomera, La Palma i El Hierro. Illes orientals: Lanzarote i Fuerteventura.
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Seeds were obtained from 2672
Common Ravens regurgitation pellets collec­
ted on the 7 main islands (Lanzarote: 248,
Fuerteventura: 296, Gran Canaria: 491,
Tenerife: 69, La Gomera: 352, La Palma: 13,
EI Hierro: 1032) and islets (Lobos: 40, La
Graciosa: 69, Alegranza: 30, Montana Clara:
28, Roque del Este: 4). Judging by the rapid
disintegration of pellets over winter, the mate­
rial collected during summer visits was pro­
bably produced in spring and summer, coinci­
ding with fruiting of most plant species the
Common Raven eats in the Canaries (Nogales
and Hernandez, 1994).
In order to test the effect of regurgita­
tion from the digestive tract of the Common
Raven on seed germination, regurgitated
seeds were sown by utilising a standard subs­
trate (lapilli, turf and forest soil). This experi­
ment was performed in a greenhouse every
day for 3 months (90 days), until no further
germination was detected (for more informa­
tion on the germination method see Valido
and Nogales, 1994). Since germination of
seeds from pellets varied extremely, we also
performed a comparison of viability of ran­
domly selected seeds from pellets and seeds
from plants (n = 70 respectively) with the 2,
3, 5 triphenyl tetrazolium test (Scharpf,
1970).
The effect of transport of seeds by the
Common Raven between macrohabitats was
evaluated by comparing the potential ecologi­
cal possibilities for establishment provided by
the habitats where the seeds were regurgitated
with those of the most probable typical habi­
tat. All the plant species consumed by
Common Ravens show high fidelity to parti­
cular macrohabitats (e.g. Rivas-Martinez,
1983; Bramwell and Bramwell, 1990). We
can assess a measure of effectiveness of dis­
persal (sensu Schupp, 1993) at a large geo­
graphic scale: the proportion of a population's
seeds that are dispersed into an unsuitable
macrohabitat.
Although it is not easy to determine the
significance of dispersal simply by observa­
tion of birds eating or transporting fruits,
Herrera and Jordano (1981) and Schupp
(1993) cite some basic requirements. From
the quantitative point of view, seed dispersal
depends on I) the number of visits made to
the plant by a disperser, and 2) the number of
seeds dispersed per visit. From the qualitative
point of view, seed dispersal depends on I)
the quality of treatment given to a seed in the
mouth and gut, and 2) the quality of seed
deposition as determined by the probability
that a deposited seed will survive and become
adult.
In our case the quantitative require­
ments mentioned seem to be satisfied (see
Table I, and Nogales and Hernandez, 1994).
A total of 153641 seeds of 16 species were
recovered from regurgitated pellets and 73.4
% contained at least one seed. Of the 16 spe­
cies of phanerogams represented in the
pellets, 7 (43.8%) were taxa endemic to the
Canaries or to the Macaronesian islands (4
and 3 respectively), 6 (37.4%) were native but
not endemic, and another 3 (18.8%) have
been introduced by humans (Table I). The
most common seed was Opuntia ficus-indica
which has been introduced. Ficus carica had
the second largest number of seeds in the
pellets (n = 51 061). Because it is infertile in
the Canaries, it is not considered further.
Among the native plants, Rubiafruticosa sho­
wed the largest representation.
The number of seeds transported in
each visit to a plant is positively correlated
with the size of the birds (Howe and Steven,
1979). The large Common Raven can ingest
many fruits, showing a large capacity of seed
delivery. Given the large interspecific varia­
tion in the size of seeds obtained from the
pellets, it seems likely that Common Ravens
do not have great problems with the burden
imposed by different-sized fruit, although this
factor is very important in the selection of
fruit by small and medium-sized birds
(Herrera, 1981; Snow and Snow, 1988). This
low level of selection by size conforms with
that described by Moermond and Denslow
(1985) for dispersal by large birds.
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With respect to the qualitative require­
ments, the effect of the Common Raven on
the seeds -either through manipulation or
regurgitation- does not produce large losses in
most plant species, as demonstrated by the
viability tests. The percentage of viable seeds
did not differ significantly for any species bet­
ween pellet seeds and seeds obtained directly
from the plants (O-test; df = I; P > 0.05 for
each species and treatment respectively). This
may be partly due to the lack of strongly
developed musculature in the gizzard of the
Common Ravens (Oelhafen-Gandolla and
Ziswiler, 1981). Furthermore, the treatment
provided by the digestive tract of this corvid
improves seed germination in 6 species, has a
negligible effect in 4, and reduces germina­
tion in 3 (Table I). Few studies on birds have
compared the germination of seeds eaten with
controls collected directly from the plants,
despite the potential importance of this rese­
arch field (e.g. Howe et al., 1985; Katusic­
Malmborg and Wilson, 1988; Schupp, 1993;
Ellison et aI., 1993). The results obtained in
these studies vary and depend to a large extent
on the species of plants and animals involved
(Lieberman and Lieberman, 1986; Izhaki and
Safriel, 1990; Ellison et al., 1993).
With regards to the second aspect men­
tioned on the quality of seed dispersal, an
important factor determining the importance
of dispersal are the movements of the birds
after eating the fruit (Howe and Primack,
1975). Table I summarizes number of seeds
potentially dispersed to habitats that appear to
be ecologically suitable for the establishment
and growth of each species. Without taking
into account the infertile seeds from F. carica,
76.5% of the 102580 seeds transported by the
Common Ravens in all the islands were
regurgitated in their original habitat types,
and the remaining 23.5% were moved into
habitats inadequate for establishment.
Considering whole data of the islands,
more than 90% of the seeds of 9 species were
moved to suitable macrohabitats and only 2
species had less than 50% dispersed to an
appropriate macrohabitat. The dispersal path
followed by the seeds in the mountainous
islands of the Canaries, described in the pre­
sent case, show that the majority of seeds dis­
persed by Common Ravens are not displaced
out of their native habitats. Data on viability,
germination and seed delivery to appropriate
habitats suggest that Common Raven act as
an apparently important seed disperser for 8
species (L. intricatum, 0. ficus-indica, R. fru­
ticosa, 1. turbinata, 1. cedrus, Phoenix cana­
riensis, M.faya and P. pendula) (see Table I).
Even if the effect of the bird significantly
reduces germination for A. pastorianus, the
other results (seed viability and habitat suita­
bility) suggest that dispersal may be impor­
tant. Nevertheless, some other species do not
seem to benefit. For instance, most seeds of
o. dillenii and Pinus canariensis are moved
into unfavourable habitats, although Common
Ravens improve germination in O. dillenii.
Species typical of the laurel forest (v. moca­
nera, L. azorica, I. canariensis and R. iner­
mis), were consumed only rarely and no seed
germination was observed after passing
through the gut of the Common Raven.
Common Ravens seem to play an
important role in the dispersal of certain ende­
mic plants in the Canaries. For the endemic J.
cedrus -a species considered "endangered" by
IUCN- no other dispersal agent is known at
the moment in the islands. For this reason, the
future of the species could partially depend on
the number of Common Ravens, whose popu­
lations are gradually undergoing a major
decline in the Canarian Archipelago
(Nogales, 1992). The results presented provi­
de additional evidence that effective dispersal
does not necessarily depend on specialist fru­
givores as has been indicated by some authors
(Moermond and Denslow, 1985). A particu­
larly clear case of the importance of a non­
specific dispersal agent concerns O. ficus­
indica, a species introduced by humans into
the Canaries in the 19th century. This cactus
has now become a characteristic feature of
some Canary Island landscapes in dry areas.
The phenomenon presented in this case
could be relevant and extended to those areas
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Fuerteventura, T: Tenerife, C: Gran Canaria, G: La Gomera, P: La Palma, H: El Hierro.
Biogeography range = CE: Canary endemism, ME: Macaronesian endemism, NNE: native, non­
endemic taxon, TlH: taxon introduced by humans. Ficus carica (Moraceae) seeds are excluded
from this table because they are infertile. Seeds from that species are not included in the calcu­
lations presented here.
Taula I. Germinacio, viabilitat i nombre de l/avors observades a egagropiles de corb (Corvus
corax) a les Illes Canaries. Especies de plantes = Apas: Asparagus pastorianus (Liliaceae),
Lint: Lycium intricatum (Solanaceae), Ppen: Plocama pendula (Rubiaceae), Rfru: Rubia fruti­
cosa (Rubiaceae), Jced: Juniperus cedrus (Cupressaceae), Jtur: Juniperus turbinata
(Cupressaceae), Phocan: Phoenix canariensis (Arecaceae), Odill: Opuntia dillenii (Cactaceae),
Ofic: Opuntia ficus-indica (Cactaceae), Vmoc: Visnea mocanera (Theaceae), Mfay: Myrica
faya (Myricaceae), Ican: llex canariensis (Aquifoliaceae), Lazo: Laurus azorica (Lauraceae),
Rine: Rubus inermis (Rosaceae) and Pincan: Pinus canariensis (Pinaceae). Illes = F:
Fuerteventura, T: Tenerife, C: Gran Canaria, G: La Gomera, P: La Palma, H: El Hierro.
Categories biogeografiques = CE: Endemisme canari, ME: Endemisme macaronesi, NNE:
taxon nadiu, no endemic, TfH: taxon introduit pels. S 'han exclos d 'aquesta taula les l/avors de
Ficus carica (Moraceae) per mor que no son fertils. Les l/avors d 'aquesta especie no s 'han
inclos als calculs que presentam.
where small habitat surfaces are highly diffe­
rentiated altitudinally, such as the high ocea­
nic islands and even elevated mountain zones
of continental areas.
The case of the indirect seed dispersal
of shrikes, lizards and Lycium intricatum
(Solanaceae) fruits on the lowlands of the
Canaries (Alegranza I.).
Island ecosystems, often represented by
relict fauna and flora, harbour some important
examples of herbivory by lizards (e.g. Sadek,
198 I; Machado, 1985; Feller and Drost,
199 I; Naranjo et al., 199 I; Saez and Traveset,
1995). Several studies have emphasized the
importance of these reptiles as seed dispersers
in different islands worldwide (Rick and
Bowman, 196 I; Iverson, 1985; Whitaker,
1987; Traveset, 1995) and in the
Macaronesian islands in particular (Barquin
and Wildpret, 1975; Barquin et al., 1986,
Valido and Nogales, 1994). Frugivorous rep­
tiles are preyed upon by an array of raptors
that act as secondary seed dispersers in a
variety of habitats (Ridley, 1930; Howe and
Smallwood, 1982; van der Pijl, 1982). The
few papers published on this matter reported
birds as intermediate seed vectors (Damstra,
1986; Hall, 1987; Dean and Milton, 1988).
All these studies, largely based on descriptive
information, were carried out in continental
habitats, and results were rarely, if ever, inter­
preted in the context of plant-animal interac­
tions.
Previous studies of indirect seed disper­
sal in the different habitats of the Canary
Islands have focused on the interaction of an
introduced top predator (Felis catus) with the
endemic frugivorous lizards belonging to the
genus Gal/otia (Nogales et al., 1996). It was
shown that the secondary seed vector does not
seem to have a great quantitative effect on
natural regeneration of plants when compa­
ring direct vs. indirect seed dispersal.
Virtually nothing is known about the relevan­
ce of indirect seed dispersal, at species or
community level, in complex or even in appa­
rently simple arrays of interacting species.
Nevertheless, the phenomenon may be impor­
tant for the effective dissemination of certain
animal-dispersed plants on small islands.
Here we deal with a system in which the pla­
yers are an endemic frugivorous lizard spe­
cies and one of its main natural predators (a
shrike), whose interactions potentially
influence the seed dispersal and establishment
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of the only available fleshy-fruited plant spe­
cies. Alegranza, a small island located in the
north east of the Canary Islands, where the
fleshy-fruited plant Lycium intricatum
(Solanaceae) coexists with a small lizard
Gallotia atlantica and a shrike Lanius excu­
bitor, provides this apparently system frame­
work. The main target pursued is to demons­
trate the indirect seed dispersal and to study
the quality of the dispersal carried out by the
different disperser agents.
Field work was conducted in the men­
tioned island, the northernmost component of
the archipelago located about some 17 km
north of Lanzarote, with an area of about 10.5
km' and a maximum altitude of 289 m a.s.l,
(La Caldera volcano). Alegranza is uninhabi­
ted and its climate is semidesertic with dry
summers (Perez and Henriquez, 1974).
L. intricatum is a common fleshy-frui­
ted, thorny shrub up to 2 metres in height,
typical of coastal habitats in the Canaries. It
produces berries (average length ± SD = 7.75
± 0.82 mm; diameter = 5.17 ± 1. 76 mm; fresh
weight = 0.12 ± 0.05 g; water content = 71.72
± 6.24 %; seed length: - 2 mm; n = 40 fruits),
which are red when ripe (in winter); this plant
is the only fleshy-fruited species on the
island.
Lizard droppings and bird pellets, and
also Lycium ripe fruits, were collected betwe­
en April 30 and May 3, 1996. Previous ins­
pections indicated the presence of Lycium
seeds both in pellets of Lanius and in Gallotia
droppings. We also examined a number of
shrike pellets which had been collected on
Alegranza in 1994 (April 23-28) and 1995
(April 3-5).
A germination experiment was conduc­
ted in order to test possible differences in the
germination curves of Lycium seeds, isolated
both from Lanius pellets and Gallotia drop­
pings, and those collected directly from the
plants. In this assay only seeds from 1996
were used. This allowed us to compare ger­
mination rates of seeds passed through the gut
of lizards with those that had later been inges­
ted by shrikes and with the control groups
(uningested seeds collected directly from
plants). For each treatment, 210 seeds were
planted in individual pots with a standard
substrate (Iapilli, turf and forest soil in a ratio
of 1-1-2) (For mor details on the germination
methods, see Valido and Nogales, 1994).
All lizard species belonging to the
genus Gallotia in the Canary Islands seem to
be omnivorous (Machado, 1985; Molina,
1986 a and b; Naranjo et at. 1991; Valido and
Nogales, 1994) although G. atlantica shows a
certain tendency to an insectivorous diet
(Molina, 1986b; A. Valido, M. 1. Bethercout
and J. De Urioste pers. comm.). Lycium fruits
are heavily consumed by the abundant lizard
G. atlantica in Alegranza and remains of
Lycium fruits were found in 3 1.7% of the
lizard droppings analysed (n = 123), and 30%
contained at least one seed (n = 224 seeds).
Lycium fruits have a high water content
(average = 71.7%; n = 40 fruits) and in xeric
islands, this trait makes them an important
water source for reptiles since limited loco­
motion restricts their ability to move to per­
manent watering points, only three of which
exist in this island. Milton (1992) and Valido
and Nogales (1994) have also recorded this
process in xerophytic habitats. In contrast to
the lizards on islands, most Lacertidae are
insectivorous in continental zones (e.g. Avery,
1966; Perez-Mellado, 1982; Valakos, 1986),
and a few appear to be omnivorous
(Hernandez, 1990).
The diet of Lanius excubitor from 1994
to 1996 in Alegranza island, revealed G.
atlantica as its main vertebrate prey there. In
1994, 84% and 93% of shrike pellets at two
sites contained lizards remains (n = 60 pellets;
N. Puerta and M. N. Zurita, pers. comm.),
compared with 91 % at a single site in 1995 (n
= 31 pellets; T. Barrera and R. Gonzalez, pers.
comm.), and 95% in 1996 (n = 55 pellets; pre­
sent study). In continental zones their diet is
quite similar but lizards are substituted by
rodents (Cramp and Perrins, 1993). Plant
material is very scarce in the shrike diet, alt­
hough fleshy fruits of some species (genus
Prunus, Rosa, Symphoricarpos) are sporadi-
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cally consumed (see Cramp and Perrins,
1993). In some continental sites shrikes can
prey on birds such as finches or legitimate
seed dispersers such as Sylvia spp. and
Erithacus rubecula L. (Hernandez, 1995) and
are more likely to act as indirect seed disper­
sers.
Two of the factors that have been men­
tioned as most important in germination abi­
lity have been retention time in the gut of the
disperser (Levey, 1986; Barnea et al., 1992)
and the morphological features of the seed
coat (Barnea et al., 1990; Barnea et al., 1991).
In the present system, the external damage
produced by lizards to Lycium seeds was
negligible. Subsequently, seed treatment in
the shrike gizzard resulted in damage to only
3.1 % of seeds (Table 2), so we consider that
seeds were deposited virtually intact after a
two-gut transit. Over half the seeds germina­
ted (n = 353; 56%) from the total planted (n =
630). Furthermore, a significantly higher
number of seeds from the bird pellets (135,
64.3%) germinated compared with those
collected from plants (114, 54.3%) and lizard
droppings (104, 49.5%) (X2 = 9.67; df= 2; P
= 0.0079) (Fig. 3). The differences observed
in germination rates among treatments can be
attributed to different treatment in the guts of
each species and gut retention time of the dis­
persers. The criteria that define the effective­
ness of direct seed dispersal in many seeded
plants involve qualitative and quantitative
factors. Qualitative factors include the diffe­
rential mobility of disperser species involved
in the interaction, as well as their differential
promotion of germination dependent on seed
treatment in the mouth and gut (Schupp,
1993). The quantitative factor (i.e. number of
seeds dispersed by both lizard and shrike),
clearly appears in our indirect dispersal sys­
tem, to devolve mainly upon the lizard,
because the bird rarely eats Lycium fruits. In
the absence of lizard remains, we found seeds
in only two shrike pellets. Association of seed
with presence of lizard remains in shrike
pellets was high (Table 3), although seeds of
Lycium were present in only 73 (50%) of 146
shrike pellets analysed (3 years pooled data).
The frequency of occurrence of pellets with at
least one seed differed significantly between
1994 and 1996 (X2 = 28.54; df = 2; P «
0.001; see Table 3), despite the fact that there
were no significant among-year differences in
the number of seeds present per shrike pellet
(Kruskal-Wallis test; K = 4.845; P = 0.0887).
This suggests fruits were consumed consis­
tently by lizards among years. Thus, although
it varied in extent, indirect seed intake by
Lanius occurred during all three years, indica­
ting that G. atlantica is a key intermediate
seed vector in the sequential dispersal of
Lycium seeds by this bird. This could also be
the case of other birds, such as rap tors, also
reported as indirect seed dispersers worldwi­
de (Damstra, 1986; Hall, 1987; Dean and
Milton, 1988). In this sense, indirect seed dis­
persers of Lycium seeds in Alegranza may
include Falco tinnunculus; seeds have been
found in Kestrel pellets in spring 1995 (T.
Barrera and R. Gonzalez, pers. comm.).
The quantitative importance of seed
dispersal by secondary agents, may however
be masked, for certain species by more criti­
cal effects of direct dispersers on seed sha­
dows. One of the tasks is to find out to what
extent direct dispersal contributes to a seed
shadow, in comparison with indirect vectors.
In our study area, shrikes apparently preferred
to regurgitate their pellets on the top of small
hills. In 12 of the 14 perches where pellets
were collected, we observed at least one plant
of Lycium. However, some plants found on
these prominences could also have come from
seeds previously dispersed directly by lizards.
Seed shadows produced by the two species
may be qualitatively different because the
movements are shorter, and the home range
smaller for the lizard (Valido and Nogales,
1994) than for the bird. This may imply a
mobilisation of Lycium seeds to differentially
suitable microhabitats, depending on the pat­
tern of movement of each seed vector and its
habitat selection (Schupp, 1993).
Leaving aside the disperser's 'external'
behaviour, germination ability, which is
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1994 1995 1996
Number of pellets studied 60 31 55
% of pellets with seeds ± 95% CL 25 55 75
Mean number of seeds per pellet ± SO 4.66±8.00 7.76±8.68 9.97±12.10
Range of seeds per pellet 1-32 1-35 1-60
Total number of seeds found 70 132 409
% of damaged seeds 10 0 2.9
Table 2. Analysis of Lanius excubitor pellets showing numbers of Lycium intricatum seeds
removed, and the proportion of damaged seeds over a three year period on Alegranza Island
(Canary Archipelago).
Taula 2. Analisi d 'egagropiles de Lanius excubitor on es mostren els nombres de les llavors de
Lycium intricatum obtingudes, i la proporcio de llavors fetes malbe sobre un periode de tres
anys a l'illa d'Alegranza (arxipelag canari).
important to the fitness of the plant, is par­
tially a function of the retention time in the
gut of each disperser species (Levey, 1986;
Barnea et aI., 1992). In laboratory conditions
(12 hours daylight and 26-28 QC), gut pass
time (GPT) of a solid piece (glass beads)
similar in size to Lycium seeds in G. atlantica
is on average 2.42 days (Valido and Nogales,
unpub!. data). Seed retention time inside the
gizzard ofL. excubitor is much shorter (45-55
min) (Olsson, 1984 and 1985) and significant
seed losses inside the shrike gizzard are pre­
vented by the lack of strong muscles charac­
teristic of grain-eating birds (Oelhafen­
Gandolla and Ziswiler, 1981). Overall reten­
tion time may, therefore, be shorter when a
lizard is predated by a shrike. The difference
in seed germination time between seeds pas­
sed through lizard and shrike is thus more
likely to be attributable to a different treat­
ment in the guts, possibly due to differential
enzymatic actions of lizards vs. shrikes.
Seed passage through the disperser gut
has been shown to have different results
depending on the species. In some plants,
seed ingestion by reptiles promotes an increa­
se in germination (Rick and Bowman, 1961;
Cobo and Andreu, 1988; Valido and Nogales,
1994), while in other species no effect was
detected (Whitaker, 1987; Traveset, 1990;
Valido and Nogales, 1994). No significant
differences were found between Lycium seeds
consumed by Gallotia gal/oti and seeds
collected from the plants (n = 70 seeds/treat­
ment) in Tenerife island (Valido and Nogales,
1994). The present study suggests that for a
complete approach to the seed dispersal sys­
tem associated with this single fleshy-fruited
plant species on this restricted oceanic habi­
tat, we should measure not only frugivory by
direct dispersers but also indirect dispersal by
birds (including winter migrants). We must
also consider the effects of potential secon­
dary seed vectors (i.e. Lanius, Falco spp.) on
the seed shadows and their relative contribu­
tion to plant fitness. Further efforts should
concentrate on the patterns of plant visitation
and the dispersal behaviour (i.e. patterns of
seed deposition) of the main vertebrate spe­
cies present during the plant fruiting season.
In view of the complex array of this system
and their temporal consistency in the use of an
intermediate seed vector, we cannot therefore
expect, a priori, to observe a weak effect of
indirect seed dispersal on Lycium reproducti­
ve fitness. Despite the fact that we have only
studied the phenomenon on Alegranza, it is
likely that this process occurs in practically
all the lowland Canary Islands due to the high
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Figure 3. Rates of germination of seeds from Lycium intricatum collected from fresh fruits,
Gallotia atlantica droppings and Lanius excubitor pellets in Alegranza (n = 210 per treatment).
Figura 3. Taxes de germinacio de llavors de Lycium intricatum recol.leclades de fruits frescs,
excrements de Gallotia atlantica i egagropiles de Lanius excubitor a Alegranza (n = 210 per
tractament).
1994 1995 1996 Prooled
Lycium +Gallotia 15 17 39 71
Lycium alone I 0 2
Gallotia alone 38 9 13 60
None 6 5 2 13
Total pellets 60 31 55 146
G 0.69 9.14 2.15 9.93
P 0040 0.0025 0.14 0.0016
Table 3. Results of G-tests for association of Lycium intricatum seeds and Gallotia atlantica
remains in Lanius excubitor pellets analysed. Figures are pellet numbers.
Taula 3. Resultats de les proves G d 'associacio de llavors de Lycium intricatum i restes de
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Cheylan, G. 1999. Evolution rapide de petites populations insula ires medite­
rraneennes de Rattus rattus. Mon. Soc. Hist. Nat. Balears 6 / Mon. Inst. Est. Bal.
66: 83-104. ISBN: 84-87026-86-9. Palma de Mallorca.
Les populations de rats noirs Rattus rattus habitant un gradient etendu d'iles
tyrrheniennes et provencales ne montrent pas de reduction de leur variabilite
genetique, lorsqu'on les compare aux localites continentales d'ou elles sent pro­
bablement issues. Le maintien de cette variabilite est discute a la lumiere des
caracteristiques dernographiques des populations etudiees et des pressions selec­
tives qu'elles subissent. Les populations de taille variant entre 100 et 1000 indi­
vidus, vivant dans des iles ou les pressions selectives sont faibles, sont les plus
polymorphes. Ce polymorphisme est probablement lie a I'introduction occasion­
nelle d'alleles nouveaux, fixes lors des peri odes ou la population est numerique­
ment faible, sans toutefois atteindre un seuil et une duree ou elle subirait les effets
de bottleneck. En revanche, les populations habitant les petites iles eloignees et
celles habitant la Corse et la Sardaigne, sont caracterisees par une polymorph is­
me faible, sans doute lie aux pressions selectives et aux phenomenes de derive
dans les Hots. La reduction de tous les parametres de la fecondite, en reponse a
une probable reduction de la rnortalite dans les petites iles, permet a ces popula­
tions d'atteindre des densites tres elevees avec des variations d'effectifs atte­
nuees, contribuant a minimiser les risques d'extinction.
Mots-cles: Evolution, lies rnediterraneennes, Parametres dernographiques,
Polymorphisme enzymatique, Rattus rattus, Taux d'extinction.
Fast evolution of small mediterranean insular populations of Rattus rattus
Black rat populations found in small Mediterranean islands, ranging in size from
0,2 to 1250 ha, do not show any decrease in genetic polymorphism, when com­
pared to mainland ones. This unexpected result is discussed in the light of the
demographic characteristics of these insular populations, and the expected selec­
tive pressures. The most polymorphic populations are those inhabiting islands
where predation/competition pressures are weak. These populations range in size
from 100 to 1000 individuals. They are thus prone to differentiation following the
introduction of new alleles during low density stages. Furthermore, because of
their on-going K-strategy, they probably never undergo drastic abundance varia­
tions leading to variability loss. On the contrary, Corsican and Sardinian popu­
lations, as well as those found in small remote islands, are much less variable
than continental ones. It is supposed that very small populations, tentatively assu­
med to be under 100 individuals, experience genetic drift, as well as high extinc­
tion rates, while the Corsican-Sardinian population experience strong selective
84 G. Cheylan
pressures, as illustrated by reduced corporal size, precocious sexual maturity and
an expanded breeding season. Because of the probable reduced mortality on
small islands, the low reproductive rates of these populations induce stable high
density populations, further reducing the risk of extinction.
Key words: Demographic parameters, Enzymatic polymorphism, Evolution,
Extinction rates, Mediterranean islands, Rattus rattus.
Evolucio rapida de poblacions insulars rnediterranies petites de Rattus rattus.
Les poblacions de rates negres Rattus rattus que habiten un gradient estens d'i­
lies tirreniques i provencals no mostren reduccio de la seva variabilitat genetica
quan se les compara amb les localitats continentals d'on segurament provenen.
Es discuteix el rnanteniment d'aquesta variabilitat a la lIum de les caracteristiques
dernografiques de les poblacions estudiades i de les pressions selectives que
sofreixen. Les poblacions de mida entre 100 i 1000 individus, que viuen a illes
on les pressions selectives son debils, son les rnes polimorfes. Aquest polimor­
fisme probablement esta lIigat a la introduccio ocasional de nous al.lels, fixats en
moments en que la poblacio es nurnericarnent feble, sense, pero, assolir un lIin­
dar i una durada en que sofririen els efectes d'un "coil de botella". Per contra, les
poblacions que viuen ales illes petites allunyades i les que viuen a Corsega i a
Sardenya estan caracteritzades per un polimorfisme debil, lIigats sens dubte a
press ions selectives i a fenornens de deriva als illots. La reduccio de tots els para­
metres de la fecunditat, en resposta a una probable reduccio de la mortalitat ales
illes petites, permet aquestes poblacions assolir densitats molt elevades amb
variacions d'efectius atenuades, cosa que contribueix a minimitzar els rises d'ex­
tincio.
Paraulas c1au: Evolucio, Illes mediterranies, Parametres dernografics,
Polimorfisme enzimatic, Rattus rattus, Taxa d'extincio
Introduction
Le maintien a long terme de petites
populations isolees suppose un certain nom­
bre de modifications comportementales,
dernographiques, ecologiques, genetiques,
voire morphologiques. Ces modifications se
manifestent plus ou moins rapidement, en
fonction de la taille de la population fondatri­
ce, de la duree de I'isolement et des phe­
nomenes de derive lies a des periodes de tres
faibles densites ("bottlenecks"). C'est ainsi
que les populations insulaires sont generale­
ment caracterisees par une reduction de la
variabilite, aussi bien genetique que pheneti­
que, par des fortes densites autorisees par une
reduction des comportements agonistiques, et
par une demographie tendant vers un type
"K". Neanrnoins, toutes ces adaptations ne
sont apparentes qu'apres une duree d'isole­
ment d'autant plus longue, que Ie rythme de
renouvellement des generations est lent. II est
done rare de pouvoir mesurer la rapidite d'ac­
quisition de ces adaptations, car la duree d'i­
solement des populations n'est pas connue de
facon precise dans la plupart des cas, et la
vitesse d'evolution des especes est trop lente.
Les decouvertes recentes de faunes de
micrornammiferes dans I 'holocene de la
Corse tres precisernent datees (Vigne, 1992;
Vigne et Valladas, 1996), permettent de mesu­
rer cette vitesse d'evolution chez quelques
especes (Rattus rattus, Mus musculus,
Crocidura suaveolens) dont Ie renouvelle­
ment des populations est rapide. Par ailleurs,
ces especes ont fait I'objet d'etudes poussees
sur leur biologie et leur polymorphisme au
cours des dernieres annees, Elles constituent
done un materiel de choix pour etudier Ie
rythme et la rapidite d'acquisition des
caracteres concernes par Ie "syndrome d'insu­
larite",
Le rat noir Rattus rattus constitue un
modele de choix pour etudier ces phenomenes
de differenciation. C'est une espece dont I'ap­
parition dans les lies rnediterraneennes est
bien datee, dont les capacites d'adaptation a
des habitats nouveaux sont remarquables, et
dont la demographic est susceptible de nom­
breux ajustements. Depuis une vingtaine
d'armees, cette espece a fait I'objet de nom­
breux travaux dans les lies mediterraneennes
de Corse, Sardaigne et cote provencale, Ces
recherches portent sur divers aspects de l'e­
largissement de sa niche ecologique: Ie regi­
me alimentaire (Cheylan, 1988); la repartition
dans differents habitats (Granjon et Cheylan,
1988); la competition interspecifique avec
d'autres Murides (Granjon et Cheylan, 1988),
la competition intraspecifique (Granjon et
Cheylan, 1989), sur certains parametres
dernographiques, tels que la fecondite, les
densites et les variations d'abondances
(Cheylan et Granjon, 1987, Granjon et aI.,
1992; Granjon et Cheylan, 1993), Ie compor­
tement agonistique (Granjon et Cheylan,
1990b), la variabilite des isozymes (Cheylan
et a/., 1998), de certains caracteres morpholo­
giques (Granjon et Cheylan, 1990a) et leur
evolution recente (Vigne et al. 1993).
Ces recherches ont revele la diversite
des adaptations realisees par cette espece dans
les petites lies et leur importance pour Ie
maintien de populations isolees, II apparait
ainsi que ces petites populations se caracteri­
sent par des densites tres elevees, autorisees
par une reduction des comportements agres­
sifs, ce qui favorise Ie maintien d'un poly­
morphisme enzymatique eleve, Les conse­
quences de ces differentes adaptations sur Ie
maintien de la variabilite de populations insu­
laires de rats noirs sont presentees dans cet
article.
Materiel et methodes
82 iles du littoral provencal, corse et
sarde ont ete prospectees pour y rechercher la
presence eventuelle de rats (Cheylan, 1984a
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et b, 1988 et inedit); pour cela, les crottes,
terriers et caches de nourriture ont ete attenti­
vement recherchees, De plus, 28 lies ont ete
piegees pour estimer les abondances des rats.
Ces resultats ont foumit une repartition de
l'espece dans les ilots en fonction de leur sur­
face et de leur isolement.
En plus de cette prospection, cinq sites
principaux ont ete etudies par la methode des
quadrats de piegeage avec marquage des indi­
vidus (Fig. I).
1) l'Ile de Port-Cros (lies d'Hyeres,
Var), d'une superficie de 640 ha, ou les varia­
tions d'abondances ont ere etudiees sur une
ligne de pieges de 1978 a 1995. De plus, un
quadrat de 5 ha a ete echantillonne en 1984 et
1986 (Cheylan et Granjon, 1985; Granjon et
Cheylan, 1993);
2) l'Ile de Riou, d'une superficie de 90
ha, les ilots du grand Congloue (2 ha) et du
Petit Congloue (0,4 ha), situes pres de
Marseille (Bouches-du-Rhone), ont ete
echantillonnes de fevrier a avril 97 pour Riou,
sur un quadrat de 2,7 ha (Letrado, 1997), en
septembre 1984 et septembre 1995 pour Ie
Grand et Ie Petit Congloue, respectivement.
3) Ie vallon d'Elbo, dans la Reserve
Naturelle de Scandola (commune de Galeria,
Haute Corse), ou les rats ont ete echantillonne
sur un quadrat de 3,8 ha et 1984-85 (Granjon
et Cheylan, 1988);
4) L'ile Lavezzi (66 ha), situee pres de
Bonifacio (Corse du sud) ou les rats ont ete
echantillonnes en juillet 1984 sur un quadrat
de 4,4 ha, et l'Ile Piana (6,4 ha) echanti­
llonnee en totalite en octobre 85 (Cheylan et
Granjon, 1987);
5) La Tour du Valat (Camargue), ou un
quadrat de 3 ha a ete echantillonne en octobre
1984 et avril 1985 (Granjon et Cheylan,
ined.).
Dans tous ces sites, les animaux ont ete
captures avec des pieges grillages permettant
la capture d'animaux vivants. Les pieges sont
disposes a des jalons espaces de 20 m. lis sont
visites vers Ie milieu de la nuit (21-24 h) et tot
Ie matin, afin que les individus captures souf­














Fig. 1. Principales localites etudiees, Les localites encadrees ont fait I'objet de quadrats de pie­
geages pour etudier les densites.
Figure 1. Main locations studied. Boxed names indicate places more thoroughly studied by
means ojstandart trapping.
mesures et identifies avec des marques meta­
lliques nurnerotees fixees a I'oreille, ou par
injection sous-cutanee d'une micro-puce per­
mettant une identification a une distance de
10 - 20 em avec un lecteur Trovan. Les ani­
maux sont ensuite relaches, Les captures sont
poursuivies jusqu'a ce que plus de 50 % des
animaux soient marques (en general 60-70
%), ce qui necessite 5-10 jours de piegeages
selon les densites. Apres quelques jours
d'arret, les animaux sont recaptures, et les
densites estimees selon 2 indices: Lincoln et
Hayne (Cheylan et Granjon, 1985; Letrado
1997).
Le polymorphisme enzymatique a ete
etudie par electrophorese des proteines codant
26 loci (Cheylan et al., 1998). 242 individus
provenant de 15 localites insulaires, plus 3
localites continentales, ont ete etudies (Fig.
I). Ces echantillons proviennent des iles
d'Hyeres (Var): Port-Cros, Porquerolles et Ie
Levant, des iles Lavezzi (Corse du sud):
Lavezzi et ses ilots, Piana et Cavallo, I'ile
sarde de Santa Maria (archipel de la
Maddalena), de l'ile de Gargalo (Reserve
Naturelle de Scandola, Haute-Corse), ainsi
que de 6 localites corses (Saliccia, Galeria,
Aitone, Minaccia, Bonifacio et Urbino) et une
localite de la cote sarde (Cala di Trana, pres
de Palau). Ces populations insulaires ont ete
comparees avec 3 populations continentales:
Banyuls (Pyrenees-orientales, France),
Zanica (Lombardie) et Piombino (Toscane)
en Italie.
Une electrophorese sur gel d'amidon a
ete realisee sur 21 proteines codant 26 loci
selon la rnethodologie decrite par Pasteur et
al, 1987. Les organes utilises etaient Ie sang,
les reins et Ie foie.
Resultats
1) Repartition geographique
Dans les 82 lies du littoral provencal,
corse et sarde prospectees, Ie rat apparait deja
sur certains ilots mesurant 0, I ha (Tab. I); il
est neanmoins absent dans 32 % des ilots
mesurant entre 0,1 et 0,9 ha (N=22), et dans
22 % des ilots mesurant entre 1 et 12 ha
(N=37). En revanche, il est present dans 100
% des iles de surface> 13 ha (N=23). Son
absence dans certains petits ilots ( 0,9 ha) peut
s'expliquer par la topographie ne permettant
pas la presence de vegetaux pouvant servir de
base de nourriture aux rats (ilots trop plats ou
les embruns ne permettent pas la croissance
de vegetaux non-halophiles). En revanche,
tous les 1I0ts visites de surface> 1 ha posse­
dent une couverture vegetale permettant a une
population de rats de s'installer.
Si I'on compare l'eloignement de ces
1I0ts a une source potentielle d'immigration,
on constate que I'isolement est Ie facteur
expliquant Ie mieux la repartition des rats
dans les 1I0ts. En effet, l'isolement moyen des
ilots (surfaces 1-12 ha) ou il est absent, est de
1481 m (0' = 1219, extremes: 325-3800 m)
contre 223 m (0' = 248, extremes: 5-1125 m)
la ou il est present (t=5,35, 35 ddl, P<O,OO 1).
Les rats pourraient done coloniser de
facon plus frequente les 1I0ts proches que les
1I0ts eloignes. Afin de tester cette hypothese,
nous avons eradique les populations de cer­
tains ilots et controle par la suite leur vitesse
de recolonisation (Tab. 2). Les iles ont ete
piegees de facon intensive jusqu'a l'arret des
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captures, puis empoisonnes avec plusieurs kg
de Coumafene repartis sur toute la surface de
l'ilot. Les 1I0ts ont Me controles 3 a 15 mois
plus tard pour verifier leur recolonisation
eventuelle,
Les differences observees confirment
I'importance de I'isolement dans les proces­
sus de recolonisation. Dans les ilots situes a
<100 m d'une source potentielle d'immigra­
tion, des rats sont a nouveau presents moins
de 15 mois apres leur eradication, sauf a I'ile
Longue, situee a la pointe d'un cap rendant la
traversee difficile a la nage, a cause des cou­
rants. En revanche, les 1I0ts situes a > 1 00 m
d'une source d'immigration ne sont generate­
ment pas recolonises 5 mois plus tard, ce qui
confirme I'effet de distance sur les processus
de dispersion.
Comme la probabilite de colonisation
decroit avec la distance mais croit avec Ie
temps, il est probable qu'une duree d'obser­
vation superieure a 15 mois montrerait la
recolonisation de certains ilots situes a > 1 00
m d'une source de d'immigration. Nean­
moins, dans certains cas, un isolement de 400
m seulement est suffisant pour interdire toute
recolonisation durant de nombreuses annees.
A la Gabiniere, situee a 400 m au sud de Port­
Cros (Var), ou des rats sont signales en 1937
par R. Hainard (1962), la population a Me era­
diquee en 1971 par 1. Besson, et n 'a toujours
pas ete recolonisee en 1995 (obs. pers.).
En revanche, sur l'ile du Toro (archipel
des Cerbicale, commune de Porto Vecchio,
Corse du sud), ou les rats etaient absents
depuis 1971 au moins (Lanza, 1972), ceux-ci
sont apparus entre la fin 1986 et 1988
(Thibault, com. pers.), et etaient tres abon­
dants en juillet 1990 (Granjon et aI., 1992),
bien que la plus proche source de colonisation
(ile Forana) soit distante de 3800 m.
Les immigrants se recrutent essentielle­
ment parmi les males subadultes. En octobre,
les 8 individus captures sur Lavezzi C et D
pesaient entre 160 et 180 g et comptaient 7
males et 1 femelle. En revanche, les individus
captures au merne moment sur les ilots A et
B, non eradiques, pesaient entre 80 et 240 g et
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1.1: iIes de Provence
iles surface (ha) isolement (m) altitude (m) R. rat/us
Porauerolles 1250 2300 142 +
Le Levant 1010 9150 140 +
Port-Cros 640 1000 LV 8200 C 196 +
Ste Marzuerite 210 1300 28 +
Le Frioul 203 1800 71 +
Riou 90 3000 191 +
Les Embiez 90 100 57 +
Bazaud 45 450 PC 59 +
St Honorat 36 750 SM 6 +
Maire 28 50 141 +
Jarre 18 800 C 900 PL 57 +
Plane 15 700 RI 22 +
Grand Ribaud 15 600 45 +
Verte 15 600 49 +
Bendor 8 150 17 +
Gd Rouveau 6,5 620 EM 31 +
Tradeliere 32 150 3 +
Gabiniere 3 400 62 +t
Jarron 3 5 33 +
Pt Lanzoustier 2,5 100 12 +
Gros Sarranie 23 100 26 +
Tiboulen Maire 2,2 125 47 +
Les Vieilles 22 100 II +
Gd Conzloue 2 175 50 +
Loneue 2 75 27 +
Lion de terre 1,5 25 15 +
D'Or 12 175 13 +
Rousset 1,2 10 16 +
Tiboulen Frioul I I 325 30 0
Petit Rouveau I 50 II +
St Fereol I 250 3 +
Lion de mer I 550 15 +
Rousse I 150 18 +
Pt Ribaud 0,8 175 15 +
Pt Sarranie 08 400 GS 25 +
Endoume nord 0,7 200 7 0
Leoube 06 100 13 +
Redonne 0,6 125 II +
Ratonniere 05 150 LO 375 C 15 +
Pt Conzloue 0,5 270 RI 30 +
Rascas 05 150 15 +
Croisette 05 250 7 +
Estaanol sud 03 25 8 +
Estaznol nord 0,3 25 8 +
Deux Freres" 03 520 37 0
Fourmizues=" 0,2 1500 10 0
Imperiaux'"?" 0,2 350 RI 15 0
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Table 1. Repartition de Rattus rattus dans les iles de Provence. Les prospections ont etc rea­
lisees entre 1978 et 1986. + = rat present; a = rat absent. t = population eradiquee en 1971.
Abreviations: C: Continent; LV: Levant; PC: Port-Cros; SM: Ste Marguerite; PL: Plane; RI:
Riou; EM: Embiez; GS: Gros Sarranie; LO: Longue. "pres du Cap Sicie; ** Presqu'ile de
l'Escampobariou; *** pres de Riou.
Table I. Insular distribution o/Rattus rattus in Provence (1978-/986). + = Rat present; 0 = Rat
absent; t = population eradicated in /971.
Taula 1. Suite. Repartition de Rattus rattus dans les iles de Corse et de l'archipel de la
Maddalena (Sardaigne). Prospections realisees entre 1982 et 1986. Abreviations: C: Corse; CV:
Cavallo; PCB: Piana di Cerbicale; MM: Maestro Maria; PC: Piana di Cavallo; FR: Forana; B:
ilot B de Lavezzi; LV: Lavezzi; PT: Pietricaggiosa; RT: Ratino; MD: Maddalena; RZ: Razzoli;
SM: Santa Maria; SP: Spargi; CR: Corcelli. * Le rat est apparu sur Toro entre la fin de l'annee
1986 et 1988 (lC. Thibault, com. pers.).
Table / (Continued). Distribution o/Rattus rattus in the satellite islands off Corsica and in the
Maddalena Archipelago (North Eastern Sardinia) (1982-86). * This island was colonised by
rats between /986 and /988 (Thibault com. pers.).
1.2: Corse
fles surface (ha) isolement (m) altitude (m) R. rattus
Cavallo 115 2350 C 32 +
Lavezzi 66 1250 CV 40 +
Mezzumare 372 1550 C 80 +
Garzalo 23 50 129 +
Piana Cerbicale 185 1620 37 +
Forana 154 820 PCB 34 +
Girazlia 94 1500 58 0
Piana CavaIJo 64 300 9 +
Pietricaaziosa 46 1850 C 500 MM 10 +
Maestro Maria 2,8 200 PCB 7 +
Ratino 2,9 670 CV 1125 15 +
PC
Toro Grande 2,6 3800 FR 34 0*
Spano 1 8 50 15 +
Porrazaia Sud 17 1950 19 0
Lavezzi A 1.7 15 B 18 +
Lavezzi B 1.5 75 LV 29 +
Lavezzi E 13 215 B 16 +
Snerdutti 13 2500 CV 12 0
Finocchiarola I 200 29 +
Bruzzi I 200 9 +
Mezzo 08 250 13 +
Porrazzia Nord 07 20 6 0
Vacca 05 1000 PT 24 0
Lavezzi C 04 90 LV 10 +
Porri (Scandola) 03 150 31 0
Palazzu 03 100 30 +
Lavezzi D 02 35 LV 5 +
ilot Sud Ratino 0,13 200 RT 5 +
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1.3: Archipel de la Maddalena (Sardaigne)
iles sw7ace (hal isolement (m) altitude (m) R. rattus
Soarzi 419 1600 MD ISS +
Santa Maria 186 100 RZ 49 +
Razzoli 167 100 SM 65 +
Corcelli 12 1125 SM 31 +
Soaraiotto II 675 SP 48 0
Barettini 10 700 CR 40 0
Piana di Corcelli 5 125 CR 14 +
Isolement (m) ilots dates N rats dates resultats
eradication captures controles con troles
175 Gd Congloue 12/2 au 48 7/95 pas de 25/1/97:
17/3/95 rats recolonise




375 (ISO) Ratonniere 7/5 au 5 16 au 18/2/85 Non
26/6/84 Recolonise
100 Pt 13 au 25 16 au 18/2/85 2 rats
Lanzousticr 20/11/83
75 Longue II au 26/684 10 16 au 18/2/85 Non
Recolonise
215 Lavezzi E 3 au 6/7/84 2 I au 4/10/84 I rat"
90 Lavezzi C 3 au 6/7/84 5 I au 4/10/84 2 rats
35 Lavezzi D 3 au 6/7/84 5 I au 4/10/84 6 rats
Table 2. Resultats des experiences d'eradications des populations de Rattus rattus dans les 1I0ts
de Provence et de Corse. Le Grand Congloue appartient Ii I'archipel de Riou, pres de Marseille;
les 4 lies suivantes appartiennent aux lies d'Hyeres (Var); les 3 dernieres aux ties Lavezzi (Corse
du sud). La Gabiniere a ete eradiquee par J. Besson. Les controles du Grand Congloue ont ete
effectues par P. Vidal. * D 'apres sa taille, ce rat n 'etait pas un immigrant et avait echappe aux
piegeages de juillet.
Table 2. Island recolonisation processes after eradication of rat populations. Grand Congloue
belongs to the Riou Archipelago off Marseilles. Gabiniere, Ratonniere, Petit Langoustier and
Longue belong to the Hyeres A rchipelago off the coast ofProvence. The Lavezzi islets lay in the
Bonifacio Straits, between Corsica and Sardinia. The eradication of the rat population of the
Gabiniere was performed by J. Besson. The Grand Congloue surveys were performed by P.
Vidal. * Because of its large size, this rat was probably not an immigrant and probably escaped
eradication.
comptaient 17 males et 17 femelles (Cheylan
et Granjon, 1987). Outre I'effet d'isolement,
la probabilite de colonisation des ilots est
done fortement diminuee par Ie sex-ratio tres
desequilibre en faveur des males. Enfin,
compte tenu de la reproduction concentree en
mars-aout dans les ilots, cette immigration est
sans doute saisonniere, se placant essentielle­
ment en automne et en hiver, au moment ou
les conditions meteorologiques sont les plus
defavorables pour immigrer, car la mer est
souvent agitee et la navigation de plaisance
est peu frequente,
2) Variabillte genetique
Sur les 26 loci analyses, II sont poly­
morphes dans au moins une population: Ada,
Amy, Est-2, Gda, Got-2, Hbb, Ldh-2, Mdh-2,
Mpi, Np, Pgd. Les parametres de la variabilite
genetique sont presentes dans Ie tableau 3.
Tous les echantillons sont en equilibre
de Hardy-Weinberg. La variabilite varie de H
= 0,0 dans I'echantillon monomorphe de
Zanica, a H = 0,049 dans l'echantillon de I'ile
du Levant. Bien que ces niveaux de variabilite
soient faibles, des diffferences apparaissent
selon les localites: dans les 2 grandes iles
(Corse et Sardaigne), la variabilite est plus
faible que dans les petites iles de surface
<1250 ha (H = 0,019 vs 0,028).
La relation entre la surface de l'ile et la
variabilite a ete recherchee dans les iles de
surface < 1250 ha. Une correlation significati­
ve a ete observee entre la surface de l'ile et
l'heterozygotie moyenne (test de Pearson, r =
0,717, P = 0,013 pour II iles), Les valeurs les
plus faibles sont observees dans les iles les
plus petites (ilots de Lavezzi, surface 2 ha),
tandis que celles > 100 ha (Cavallo, Sta Maria,
Port-Cros, Porquerolles, Ie Levant) ont des
populations dont la variabilite est elevee, Une
exception a ete notee avec l'Ile Lavezzi (66
ha, 9500 m), suggerant un effet de la distance
d'isolation, car Ie niveau de variabilite de
cette ile est plus proche de celui de ses ilots,
que de celui d'Iles de taille comparable.
Nous avons compare les iles en les ras­
semblant en 3 groupes, selon leur surface et
leur isolation: I) les grandes iles (Corse +
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Sardaigne); 2) les petites iles proches (Piana:
6,4 ha, 300m; Gargalo: 23 ha, 50 m) ou eten­
dues (Cavallo: 115 ha; Sta Maria: 186 ha;
Port-Cros: 640 ha; Le Levant: 1010 ha;
Porquerolles: 1250 ha); 3) les petites iles
eloignees (Lavezzi et ses ilots satellites). Les
niveaux dheterozygotie ont ete compares
entre ces 3 groupes d'Iles et les localites
mediterraneennes continentales, en utilisant
Ie coefficient de correlation de rang de
Spearman.
Les resultats montrent que les iles pro­
ches ou etendues ont un niveau de 'variabilite
superieur a celui de la Corse et de la
Sardaigne, et de I'ile Lavezzi et ses ilots sate­
llites (R =0,7769, P <0,005 et R = 0,8367, P <
0,005 respectivement). Toutes les autres com­
paraisons, y compris iles-continent, ne sont
pas significatives (-0,1559<R<0,6211, P
>0,15).
Bien que les niveaux de variabilite
observes soient faibles, l'etude des popula­
tions insulaires ne montre pas de reduction de
la variabilite, par rapport aux populations
continentales de reference. Seules les iles tres
petites, et(ou) geographiquernent isolees,
montrent une reduction de la variabilite, sans
doute due aux effets de fondation et de derive.
Les populations des autres iles ont des valeurs
elevees, les niveaux de variabilite etant supe­
rieurs dans les petites iles (6 a 1250 ha), que
dans les grandes (Corse et Sardaigne).
Ces resultats sont en contradiction avec
les predictions d'une reduction de la variabi­
lite dans les iles et d'une augmentation de la
differenciation inter-iles, predictions ob­
servees chez de nombreuses especes
vertebrees (Frankham, 1997). D'autres pro­
cessus sont done vraisemblablement en oeuv­
re pour expliquer les differences observees
ici, tels que les modes de colonisation, la
structure et la dynamique des populations.
3) Origine des populations etudiees.
L'isolation des iles tyrrheniennes
suggere que leur colonisation par les rats s'est
faite a partir d'introductions involontaires par
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I 3.1: lIes Tyrrheniennes
localite N A p H
Corse 14,3±S,13 I,IO±O,OO 7,7±O,00 0,019±0,009
(movenne)
Saliccia Galeria 13 I I±O I 7.7 o 030±0 021
Aitone Minaccia 10 I,I±O,I 7,7 0,018±0,012
Urbino
Bonifacio 20 I.I±O I 7.7 o 013±0 011
Sardaiane
Cala di Trana 8 10 3.8 o OIS±O OIS
X grandes iles 12,8±S,2S 1,08±0,OS 7,1±9,S 0,0 I 9±0,008
3.2: Petites iles
localite N A p H
Corse
Sardalzne
Garzalo 9 I,I±O,I II,S 0,033±0,0 19
Lavezzi IS I.I±O I 3.8 o 009±0 09
Lavezzi A 13 I,I±O,I 7.7 0021±O,014
Lavezzi B IS I.I±O I II S o 017±O.010
Lavezzi CDE 9 I,I±O,I 7,7 0,018±O,0IS
Lavezzi 13,0±2,83 I,I±O,O 7,7±3,14 0,016±O,00S
movenne
Piana 2S 1.2±0 I II S o 026±O 016
Cavallo 13 1,2±0,1 IS,4 0,032±O,0 16
Sta Maria 9 I I±O I II S o 03S±O.022
Provence
Port-Cros II I I±O I 77 o 039±O 027
Le Levant 3 II±O,I II,S o 049±O 028
Porquerolles 17 I I±O I II S o 034±0.019
X petites iles 12,4±7,00 1,14±0,OS 11,6±2,22 0,033±O,007
(Lavezzi exclue)
3.3: Continent
localite N A p H
Piombino 27 I 2±0 I IS 4 o 03S±O 021
Zanica 10 I,O±O,O 0 O,OOO±O,OOO
Banvuls IS I I±O I 77 o 027±O 019
X continent 21 ±8,49 1,16±0,071 12,7±S,44 0,032±O,006
3.4: Moyennes
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localite N HA p
Moyenne iles 12,7±5,35 1,12±O,O46 9,3±3,18 O,024±O,O II
X continent 17,3±8,74 1,13±O,IOO 10,2±7,70 O,026±O,OI8
X generale 13,4±5,98 1,12±O,O54 9,5±3,96 O,025±O,OI2
Table 3. Variabilite genetique a 26 loci de 16 populations rnediterraneennes de Rattus rattus.
N=taille de l'echantillon; A= nombre moyen d'alleles par locus; H= Heterozygotic moyenne
(Nei, 1978).
Table 3. Genetic variability at 26 loci in 16 Mediterranean populations of Rattus rattus. N =
Sample size; A = Mean number ofalleles per locus; H = Mean Heterozygosity (Nei, 1978).
l'homme. Les premieres traces d'occupation
humaine de ces iles datent du geme rnillenai­
re BP en Corse, et probablement plus tot en
Sardaigne (Vigne, 1992). Par la suite, la Corse
a ete colonisee par les Phoeniciens, les
Carthaginois et les Romains entre 800 et 238
BC. Entin, I'Ile a ete integree a la republique
de Genes au l Serne siecle, puis achetee par la
France en 1758.
Les premieres preuves de presence du
rat en Corse datent de 393-151 BC (grotte du
Monte di Tuda, pres d'Oletta, Haute-Corse)
(Audoin-Rouzeau et Vigne, 1994), mais les
echanges maritimes frequents au cours de
l'fige du fer autorisent une introduction plus
ancienne. En Sardaigne, l'espece a ete men­
tionnee dans des niveaux dates de 3500 BC
dans la grotte de Su Guanu, pres d'Oliena, par
Sanges et Alcover (1980), mais la validite de
cette datation demande a etre confirmee
(Audoin-Rouzeau et Vigne, 1994).
La colonisation des ilots satellites de la
Corse et de la Sardaigne s'est sans doute
effectuee de facon rapide apres la colonisation
des iles principales. En effet, des traces d'oc­
cupation neolithique sont connues a Lavezzi
(Agostini, 1978), ou la presence du rat est
documentee entre Ie 14 erne et Ie 17 erne sie­
cle de notre ere (Vigne et aI., 1993).
Differentes origines sont possibles pour la
population de Lavezzi, compte tenu de la pre­
sence d'alleles communs a la Corse (Got 2'°)
et a l'Ile de la Maddalena en Sardaigne (Np").
Les origines multiples des populations des
ilots ont probablement considerablernent
reduit I'effet de fondation et ont contribue a
un niveau de variabilite initial eleve de la
population des iles tyrrheniennes.
4) Fecondite,
Les populations insulaires anciennes
sont generalement caracterisees par une
demographie de type K, qui reduit les risques
d'extinction en ralentissant Ie rythme de
renouvellement des generations. Chez des
especes comme Ie rat noir, Ie taux de fecon­
dite eleve favorise une colonisation rapide a
partir d'un faible effectif de fondateurs, mais
I' on peut attendre, chez les populations
anciennement installees, a un glissement vers
une strategie de type K, caracterisee par un
accroissement des taux de survie, et en coro­
llaire, une reduction de la fecondite.
Les donnees recueillies sur les recaptu­
res d'animaux marques ne sont pas suffisam­
ment nombreuses pour comparer la longevite
des individus continentaux et insulaires. En
revanche, les taux de fecondite indiquent clai­
rement une reduction des valeurs de ce
parametre dans les iles,
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L'autopsie de 110 feme lies adultes
(gestantes ou presence de cicatrices uterines)
provenant des iles de Provence, Corse et iles
satellites de la Corse a donne Ie nombre sui­
vant d'embryons par femelle: Corse x = 5,38
0-= 1,89 N = 13; iles Lavezzi x = 6,20 0-=2,59
N = 5; iles Cerbicale x = 5,0 0-=2,2 N=8; iles
de Provence x = 6,86 0-=1,77 N =-7. Ces
resultats sont coherents avec les donnees
publiees it Minorque par Alcover (1983: 652):
x = 5, I et it Chypre par Watson (1950): x = 6, I
et montrent une reduction de la fecondite dans
les iles mediterraneennes, lorsqu'on les com­
pare avec I localite d'Espagne continentale
(Zamorano, 1985) et 4 localites d' Amerique
du nord (Davis, 1953) situees sous des climats
rnediterraneens ou sub-tropicaux: Malaga
(Espagne): x = 6,7; Thomasville (Georgie) x
= 5,8; Tampa (Floride) x = 6,4; San Antonio
(Texas) x = 7,2; San Francisco (Califomie) x
= 7,4 (Mann-Whitney U test = 7, P <0,05).
Nous ne possedons que 3 donnees sur la
fecondite des femelles de Provence contineri­
tale, non integrees dans Ie test ci-dessus: x =
8,7 0-= 2,08.
Le nombre de cicatrices uterines
laissees par I'implantation des embryons nous
donne pour chaque population une estimation
du nombre de gestations portees par chaque
femelle: Provence continentale: x = 15,82,
0-=10,79, N = 11; Toscane: x = 16,7,0-=7,10,
N = 11; Corse: x = 8,67,0-=4,76, N = 21; iles
corses x = 9,06, 0-=4,38, N == 54; iles
Provence: x = 10,51, 0-=5,83, N = 35. Le
nombre de cicatrices ne di ffere pas statisti­
quernenf lorsque I'on compare la Corse et les
petites iles.-En revanche, la difference est sig­
nificative lorsque I'on compare la Provence
continentale et les iles (t = 2,62 P<O,O 1 pour
la Corse; t = 3,47 P <0,01 pour les petites iles
de Corse), ainsi que lorsque I'on compare les
iles provencales et Ie continent (t = 2,12 P
<0,05), Ie nombre moyen de cicatrices etant
plus eleve sur Ie continent que sur les iles,
Compte tenu du nombre moyen
d'embryons par femelle, les populations insu­
laires ont done en moyenne 1,5 portees dans
leur vie, contre 2,2 dans les populations con-
tinentales (pour 7,1 embryons par portee:
moyenne des 5 localites continentales citees
precedernment). Les populations insulaires
sont done caracterisees par une reduction du
nombre moyen de jeunes par portee (x = 6, I
vs 7, I pour les populations continentales) et
par une reduction du nombre moyen de repro­
ductions durant la vie de la femelle (x = 1,5 vs
2,2 pour les populations continentales):
En effet, on constate un retard dans
I'acquisition de Ie maturite sexuelle des feme­
lies insulaires, ce qui pourrait exjiliquer Ie
nombre reduit de reproductions au cours de
leur vie.
La taille moyenne it partir de laquelle
50 % des femelles sont sexuellement matures
(presence d'embryons et(ou) de cicatrices
uterines) donne une indication sur l'age de la
maturite sexuelle, en supposant que la vitesse
de croissance est comparable dans les diffe­
rentes populations. Sur Ie continent, la matu­
rite sexuelle est atteinte par 50 % des femelles
it une taille moyenne (longueur T+C) de 161
mm en Provence; T+C: 158 mm, po ids moyen
144 g en Toscane (N = 14), alors que dans la
Province de Malaga (Espagne), les plus jeu­
nes femelles avec cicatrices uterines mesurent
165 mm et pesent 129 g (Zamorano, 1985).
La rnaturite sexuelle est atteinte it une taille
plus elevee dans les petites iles que sur Ie con­
tinent: T+C 168 mm, po ids 153 g dans les iles
corses (N = 114) et T+C: 175 mm, poids: 171
g dans les iles provencales (N = 100), sugge­
rant un retard dans I'acquisition de la maturite
sexuelle des femelles. En revanche, la popula­
tion corse semble acquerir la rnaturite sexue­
lie plus tot que sur Ie continent: T+C: 151
mm, poids: 107 g (N = 70). La reduction du
nombre de reproductions dans la vie des
femelles insulaires pourrait done s'expliquer
par une reduction de leur duree de vie fecon­
de.
Par ailleurs, alors qu'en Corse, des
juveniles ages de 1 mois sont observes toute
I 'annee, comme it Chypre (Watson, 1950), la
reproduction est concentree de mars it aout
dans les ilots, avec un maximum d€ mai it
aout (Tab. 4). Nous ne possedons pas de
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mois 01 02 03 04 OS 06 07 08 09 10 II 12
N - II 77 51 21 45 140 20 73 62 35 36
N - 0 I 4 3 8 29 3 0 0 0 0
Juv
N 67 7 54 30 - 41 19 4 - 26 16 -
N 17 0 3 3 - 4 2 I - 6 I -
Juv
Table 4. Nombre de rats juveniles ages de I mois captures dans les llots de Corse et de Provence
(!ignes du haut) et en Corse (Iignes du bas) selon Ie mois de l'annee.
Table 4. Number ofjuvenile rats less than 1 month old trapped in the islands off the Provence
and Corsican coasts (upper 2 rows) and in Corsica (lower 2 rows).
donnees sur la saison de reproduction en
Provence continentale. A Malaga, dans Ie sud
de I' Espagne, Zamorano (1985) a note des
femelles gravides de fevrier a octobre, avec
une interruption totale de la reproduction de
novembre Ii janvier (N = 165 femelles au top­
siees),
En conclusion, on assiste Ii une reduc­
tion de tous les parametres de la fecondite
dans les petites lies: retard dans I'acquisition
de la maturite sexuelle des feme lies, contrac­
tion de la saison de reproduction, reduction du
nombre de jeunes par portee et du nombre de
portees dans la vie de la femelle; en revanche,
les populations de Corse ne semblent pas pre­
senter de reduction des parametres de la
fecondite comparable aux lies de surface
<1250 ha, puisqu'elles sont matures plus tot
que sur Ie continent et se reproduisent toute
l'annee, contrairement Ii ces dernieres (Tab.
5).
5) Densites et variations d'abondance
Sur les 3 quadrats echantillonnes durant
plusieurs sessions: Elbo (pres de Galeria,
Haute-Corse) en 1984-85, Port-Cros (Var) en
1984 et 1986, et Riou (Bouches-du-Rhone) en
1997, les densites ont culmine en hiver/debut
du printemps (janvier Ii avril) et sont tornbees
Ii leur niveau Ie plus bas en ete, A leur acmee,
ces populations ont atteint des densites de
13,5 individus/ha a Elbo (Granjon et Cheylan,
1988), 9,5 ind./ha Ii Port-Cros (Cheylan et
Granjon, 1985) et 87 ind./ha a Riou (Letrado,
1997), alors que dans la localite de reference
continentale (Tour du Valat, Camargue), les
densites n'ont pas depasse I ind./ha au cours
de l'etude (donnees non publiees). Les den­
sites des populations insulaires sont done clai­
rement plus elevees que sur Ie continent, en
accord avec Ie phenornene de compensation
de densite lie a I'appauvrissement de la com­
rnunaute de Rongeurs des lies mediterraneen­
nes (Cheylan, I 984b, Granjon et Cheylan,
1988�.
Des variations d'abondance tres
elevees ont ete notees a Port-Cros, ou les den­
sites ont varie de 22 a 0 individuilOO nuits­
pieges au cours de 17 annees d'etude (Fig. 2).
De meme, d'importantes variations sont enre­
gistrees sur l'ile Lavezzi par lC. Thibault
(com. pers.) depuis 1978, et sur les lies Plane
(18 ha) et Pornegues (100 ha), OU les rats
etaient tres rares en 1983 (Cheylan, I 984a),
mais etaient tres abondants en 1993-1997
(donnees non publiees). En revanche Ii
Bagaud (45 ha, situee Ii 450 m de Port-Cros),
les abondances n 'ont varie que d'un facteur
3,7 au cours de 13 annees d'etude, restant tou­




















D.l!---. Abondanees sur lignes de p i e ge s (Rats/nuit-piege)
Densites sur quadrat (Rats/ha)
Fig.2.Variations d'abondances de Rattus rattus it Port-Cros.
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embryons cicatrices Long. TC periode rep rod.
uterines (mm) maturite (femelJes
sexuelle gestantes)
femelJes
Malaga 6,7 N=27 - 165 fevrier-octobre
Provence 87 N=3 15.8 161 ?
Toscane ? 16.7 158 ?
Chvpre 6 I N=74 ? ? toute l'annee
Minoraue 5,1 N=8 ? ? ?
Corse 54 N=13 8,7 lSI toute l'annee
lies Corse 5,1 N=13 9 I 168 fevrier-iuillet
lies Provence 6,9 N=7 10,5 175 fevrier-juillet
Table 5. Parametres de la fecondite de diverses populations mediterraneennes de Rattus rattus.
Les donnees concernant la population de Malaga sont extraites de Zamorano (1985); celles con­
cernant la population de Chypre de Watson (1950); celles de Minorque d' Alcover (1983).
Table 5. Fecundity parameters ofseveral Mediterranean populations ofRattu� rattus. Data for
Malaga are from Zamorano (1985), those for Cyprus are from Watson (1950), and those from
Menorca are from Alcover (1983).
Riou et sur les Congloues, les densites sont
restees stables it un niveau tres eleve entre
1983 et 1997.
D'importantes differences se manifes­
tent donc selon les lies: dans certaines, pour­
tant etendues (Jarre: 18 ha, Maire: 28 ha), les
rats sont rares depuis 14 ans, alors que dans
d'autres iles (Bagaud: 45 ha, Riou: 90 ha,
Grand Congloue: 2 ha), les rats sont abon­
dants durant Ie merne laps de temps. Enfin,
sur certaines lies, les abondances de rats ont
fortement varie, l'espece etant beaucoup plus
rare actuellement sur Port-Cros et Lavezzi
qu'il y a 13 ans, alors que I'inverse est vrai
sur Plane et Ie Pomegues, Ces variations sont
sans doute liees aux caracteristiques physi­
ques, notamment la richesse floristique, de
chaque lie, voire aux modifications introdui­
tes par I'augmentation spectaculaires des
colonies de goelands leucophee Lams cachin­
nans dans les lies de Marseille.
Dans les ilots echantillonnes, dont les
surfaces varient de 0,2 it 2,5 ha, les popula­
tions totales varient entre 5 et 130 individus
entre juin et novembre (Tab. 7). Toutefois, les
ilots de surface <0,9 ha n 'hebergent que des
populations de 3 it 5 individus, alors que tous
les 1I0ts dont la superficie est comprise entre
I et 2,5 ha accueillent des populations de 25 it
130 individus sauf un: l'ile Longue, 10 indi­
vidus. Neanrnoins, il est probable que la plu­
part de ces populations ne peuvent subsister
tres longtemps, et sont soumises it des extinc­
tions periodiques, compte tenu des variations
saisonnieres et annuelJes. Un taux d'extinc­
tion eleve de ces populations est d'ailJeurs
suggere par I'absence du rat dans 22 % des
ilots prospectes dont la surface est < 10 ha.
En revanche, toutes de les lies pros­
pectees de superficie > 13 ha (N=23) ayant des
popu lations de rats (cf § I), cette surface est
probablement suffisante pour permettre it des
populations de se maintenir avec des taux
d'extinction proches de 0, ce qui suppose
qu'elJes survivent it des bottlenecks ou la
population totale de l'ile tombe it 10-20 indi­
vidus seulement (I ind'/ha), ou que leurs
variations d 'abondances soient attenuees,
Compte tenu des resultats presentes ci-dessus,
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Dates 4/86 5/86 3/87 6/87 6/90 5/95 7/98
Abondances 0,17 0,07 0,26 0,22 0,13 0,14 0,21
Table 6. Variations d'abondance de Rattus rattus sur un Jigne de pieges pres de la batterie du
sud, lie de Bagaud (45 ha), pres de Port-Cros, Var. Les abondances sont exprimees en nombre
de rat/nuit-piege,
Table 6. Rattus rattus abundance fluctuations in the island 0/ Bagaud (45 ha, near Port-Cros
island, Var). Number a/rats per trap/night trapped in a line located near the "batterie du sud".
ile sur/ace (ha) date N captures rastlha population
totale
Lavezzi D 022 7/84 5 23 5E
Lavezzi C 037 7/84 5 14 5E
Lavezzi E I 25* (04) 7/84 3 8 3E
Lavezzi 8 147 10/84 19*** 37 54 L
Lavezzi A I 75 10/84 22**** 21 36 L
Toro 26 7-90 79 =50 =130 L
Ratonniere 05 6/84 5 10 5E
Petit 0,4** (I) 9/95 43 =50 50 L
Conzloue
Gd Congloue 195 9/84 71 54 106 L
Longue 20 6/84 10 5 10 E
Petit 2,5 11183 25 10 25 E
Langoustier
Table 7. Taille des populations de Rattus rattus dans divers 1I0ts de Corse (6 premieres lignes
du tableau) et de Provence (5 dernieres lignes). L: estimation de la population totale avec I'in­
dice de Lincoln; E: taille de la population connue par eradication (piegeage intensif jusqu'a
l' arret des captures). * Roche nue sur les 2/3 de l'ile; la densite de rats a ete calculee en ne pre­
nant en compte que la surface occupee par les animaux, soit 0,4 ha. ** 1I0t tres eleve (30 m d'al­
titude): la surface reellement utilisee par les rats a ete estimee a I ha; Ie calcul de la densite est
base sur la surface estirnee, *** Plus 17 rats captures en juillet. Le calcul de la densite tient
compte de ce prelevernent; ****plus 14 rats preleves en juillet; Ie calcul de la densite tient
compte de ce prelevernent
Table 7. Rattus rattus population sizes in several Corsican (upper 6 rows) and Provence (lower
5 rows) islands. L ::: overall size a/the population estimated with the Lincoln Index; E ::: ove­
rall size a/the population known by eradication. * Bare rocks cover two third a/the island. The
rat population has been estimated according to the surface used by rats, i e 0,4 ha. Because 0/
its elevation (30 m), the surface used by the rats in this islets was estimated to be [ ha.
Population size was estimated according to this surface. ** Plus J 7 rats trapped in July; ***
Plus [4 trapped in July.
les deux cas de figure semblent egalernent
acceptables selon les lies.
Discussion
Contrairement aux observations rea­
lisees chez plusieurs especes de reptiles, de
mammiferes et d'Arthropodes (Soule et Yang,
1973; Gorman et al., 1975; Patton et al.,
1975; Berry et Petters; 1977, Kilpatrick,
1981; Navajas y Navarro et Britton-Davidian,
1989), les petites populations isolees de rats
noirs etudiees ne presentent pas de perte de
variabilite, tant genetique que phenetique,
Ces observations rejoignent celles de Patton
et at. (1975), sur les populations recentes des
lies Galapagos, bien que ces auteurs aient
attribue it l'age recent (post-colombien) de
ces populations, Ie maintien de leur poly­
morphisme. Seule la population de l'Ile
Lavezzi, isolee par 9500 m de la cote corse
(1250 m de Cavallo), presente une variabilite
reduite, alors que toutes les populations habi­
tant des petites lies proches (Piana, Gargalo),
ou de taille moyenne (100-1250 ha) sont plus
variables que les populations corses, sardes,
ou continentales (H = 0,033 vs 0,026 sur Ie
continent et 0,019 en Corse-Sardaigne).
Les populations tyrrheniennes ayant
des origines a priori communes, celles-ci ne
pouvent expliquer ces differences de variabi­
lite, et d'autres mecanismes, mis en jeu apres
la phase de colonisation, expliquent vraisem­
blablement ce maintien, voire cet accroisse­
ment, de la variabilite, Parmi les parametres
qui influent sur Ie maintien de la variabilite,
nous avons etudie certains caracteres de la
demographie de l'espece.
Les populations insulaires se caracteri­
sent par des densites tres elevees, generale­
ment superieures it 20 individulha en fin de
saison de reproduction (automne), et atteig­
nent localement des densites record de 54,
voire 87 in.lha. Ces densites tres elevees,
autorisees par une reduction des comporte­
ments agonistiques (Granjon et Cheylan,
1990b; Granjon et Cheylan, 1993), qui entrai­
ne un fort chevauchement des domaines
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vitaux (Granjon et Cheylan, 1989) permettent
it cette espece de construire des populations
de taille elevee dans des lies de surface redui­
teo Ces resultats sont con formes aux observa­
tions realisees sur plusieurs especes de
Rongeurs insulaires, qui montrent une stabi­
lite it hautes densites de ces populations
(Gliwicz, 1980). Neanrnoins, certaines popu­
lations sont affectees par des variations d'a­
bondance tres importantes, d'un facteur 20,
qui font chuter les densites it I ind.lha lors des
bottlenecks, alors que dans certaines lies, ces
variations d'abondances sont attenuees,
Le maintien de la variabilite observee
dans les lies de surface 100-1250 ha corres­
pond done it des populations dont l'effectif
minimum est de 100 individus environ, rnerne
quand elles sont affectees de variations redui­
sant la densite it I ind.lha. En effet, une popu­
lation reduite it 100 individus reproducteurs
(Ne=IOO) conserve 99,5 % de la variance ini­
tiale, et 2 individus seulement conservent
encore 75 % de cette variance (Frankel et
Soule, 1981). Un bottle-neck tres severe,
reduisant la population it 10 individus seule­
ment, n'a done pas de consequences dramati­
ques sur la population, si celle-ci se reconsti­
tue rapidement. Nei et at. (1975) ont ainsi
montre que si Ie taux de croissance rest> 1
apres Ie bottle-neck, la perte de variabilite est
insignifiante. En revanche, une population est
condamnee it devenir totalement monomorp­
he au bout de 60 generations si elle reste au
niveau constant de Ne=6, quel que soit Ie
nombre d'alleles de depart (2, 4 ou 12) it un
locus donne (Denniston, 1978).
Le maintien d'un niveau eleve de poly­
morphisme est donc conditionne par un nom­
bre minimal d'individus reproducteur Ne
= I 00, ou it une recuperation tres rapide de cet
effectif minimal apres un bottle-neck redui­
sant la population it une valeur inferieure it ce
seuil. Toutefois, les variations d'effectifs
observees depuis 17 ans it Port-Cros sugge­
rent que certaines lies peuvent abriter des
populations de rats sans perte de variabilite,
en recevant un flux genique regulier it partir
de populations voisines.
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Les experiences d' eradication et de
recolonisation des 1I0ts, et Ie maintien d'un
polymorphisme eleve dans 2 petites lies pro­
ches de la cote (Gargalo 23 ha, 50 m, Piana
6,4 ha, 300 m) suggerent I 'existence de cette
immigration. Les experiences d'introduction
d'individus etrangers it Piana s'etant soldees
par un rejet par la population locale des indi­
vidus introduits (Granjon et Cheylan, 1989),
cette immigration doit se realiser lors des pha­
ses de faibles densites des populations loca­
les.
Le maintien it long terme de certaines
populations sans extinction et recolonisation
subsequente, est suggere par la presence d'un
allele fixe (Amy 85) it Ratino (2,9 ha, 670 m
de Cavallo, 1125 m de Lavezzi) (Cheylan,
ined.), La duree necessaire pour la fixation
d'un allele neutre etant 4Ne (Kimura et Ohta,
1969), 240 generations (i. e. 240 ans) ont ete
necessaires pour fixer l'allele Amy 85 it
Ratino, si Ne=60 individus (20 ind'/ha) sur
I'ensemble de l'ile, Certaines petites popula­
tions sont done stables depuis longtemps, et it
fortiori, celles habitant les lies de taille
moyenne (100-1250 ha). La permanence it
long terme de certaines populations est par
ailleurs suggeree par l'evolution morphologi­
que de la population actuelle de Lavezzi,
caracterisee par une reduction de la taille de la
machoire, de la rangee dentaire, et des os
longs, lorsqu'on la compare it la population
des 14-17emes siecles (Vigne et al., 1993), et
par I'existence de toponymes comme
Ratonneau (lies du Frioul pres de Marseille),
Ratonniere (lies d'Hyeres) et Ratino (lles
Lavezzi).
En conclusion, Ie maintien, voire I'ac­
croissement, du polymorphisme dans les peti­
tes iles s'observe dans des populations redui­
tes (de I'ordre de 100-1000 individus), favori­
sant l'evolution rapide de certains caracteres,
sans toutefois que ces populations ne sub is­
sent d'extinction, voire de bottleneck pro­
longe, Elles se maintiennent done longtemps
it un niveau numeriquernent faible, ce qui sup­
pose des adaptations dernographiques et etho­
logiques originales. Manifestement, ces adap-
tations ne sont acquises que par certaines
populations (Bagaud, Riou, Grand
Congloue), alors que d'autres varient de facon
importante, peut-etre en fonction des condi­
tions locales propres it chaque ile.
Par ail leurs, I'existence d'un flux geni­
que atteste par la colonisation, ou la recoloni­
sation, de certains 1I0ts, et par Ie polymorp­
hisme eleve de certaines petites iles proches,
comme Piana et Gargalo, contribue sans
doute it accroitre Ie polymorphisme initial de
certaines populations. II est probable que dans
certaines iles, les variations d'effectifs, qui
favorisent la fixation d'alleles rares lors des
phases de population reduite, soient I 'occa­
sion d'introduction d'alleles nouveaux, lors
des phases de hautes densites, les immigrants
etant alors rejetes par la population locale
(Granjon et Cheylan, 1989).
On serait done en presence d'un syste­
me de flux genique intermittent, introduisant
des alleles nouveaux lors des phases de den­
sites reduites, favorables it leur fixation rapi­
de. Ce modele, combinant introgression et
fixation d'alleles sans erosion de la variabi­
lite, n 'est autorise que dans les populations
interconnectees de facon episodique, habitant
done des lies de tai lie moyenne (100-1000 ha
environ) groupees en archipel.
Par ailleurs, ces populations subissent
des pressions selectives (predation et compe­
tition) quasiment nulles dans les petites lies,
ou a plupart des especes vertebrees autres que
lezards, Passereaux et oiseaux marins, sont
absentes. Ce relachernent des pressions selec­
tives est par ail leurs suggere par I 'accroisse­
ment de taille ("gigantisme") dans les 1I0ts
(Granjon et Cheylan, 1990a), et la reduction
de tous les parametres de la fecondite.
Inversement, les populations corse et
sarde sont caracterisees, par rapport aux
populations continentales, par un polymorp­
hisme enzymatique faible, une taille corpore­
lie reduite et des caracteristiques dernographi­
ques contrastees: reduction du nombre
d'embryons par portee et du nombre de
portees par femelle, mais precocite sexuelle
des femelles et allongement de la saison de
reproduction. Ces elements suggerent que les
pressions selectives sont plus fortes en Corse
que sur les llots, ce qui est illustre par la com­
munaute de predateurs aussi riche en Corse
que dans une surface homologue continentale,
alors que la cornmunaute de Rongeurs, done
de proies potentielles est deux fois plus pauv­
re (Cheylan, 1984b; Thibault et aI., 1992).
Les ajustements dernographiques
observes sont done en accord avec une reduc­
tion des pressions selectives, et par conse­
quent de la rnortalite, dans les petites iles,
alors que la population corse ne presente pas
toutes ces caracteristiques demographiques,
En s'eloignant d'une strategie de type r, les
populations micro-insulaires subissent des
variations d'effectifs attenuees, reduisant par
la-merne les risques d'extinction et d'erosion
de la variabilite.
Les populations insulaires de rats noirs
constituent donc un materiel de choix pour
l'etude des processus evolutifs, ces popula­
tions ayant acquis en 2000 ans une differen­
ciation mesurable par rapport aux populations
continentales. Des etudes ulterieures sur l'im­
portance du flux genique en fonction des
variations d'abondances et des processus
d'immigration, perrnettront de mesurer Ie
degre etfectif d'isolement genetique de ces
populations, qui rneritent detre considerees
differernment de populations invasives sans
interet.
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une bonne part des echantillonnages n 'au-
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raient pu etre realises. Pour son soutien au
debut de ces recherches, son esprit critique au
cours de discussions theoriques, et son ent­
housiasme, je remercie Henri Croset. Le tra­
vail de terrain a effectue grace it I'aide de.
nombreux chercheurs et etudiants, notam­
ment: Jean-Christophe Autfray, Emmanuelle
Canarelli, Jacques Cassaing, Alex Clamens,
Jean-Pierre Clara, Michel Delaugerre, Deddy
Duryadi, Roger Fons, Helene Gaubert, Jean­
Francois Letrado, Maria Navajas, Odile
Pouliquen. Ces recherches ont ete financees
par Ie Pare National de Port-Cros, Ie Pare
Naturel Regional de Corse, Les Reserves
Naturelles des iles Cerbicale-Lavezzi,
l'UMR5554 (CNRS-Universite de
Montpellier II) et de l'ERS 1152 (CNRS-Aix­
Marseille III).
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PER UN MUSEU DE LA
NATURALESA A CIUTAT
Invertebrats endemics i HIes:
(Tenebrionidae i Araneae)
introduccions i extincions aIs illots
de Cabrera (Illes BaIears)
Guillem X. PONS i Miquel PALMER
Institut Mediterrani d'Estudis Avancats (IMEDEA). Carretera de Valldemossa
k.m 7,5. 07071 Palma de Mallorca. e-mail: ieampr@ps.uib.es
Pons, G. X. i Palmer, M. 1999. Invertebrats endemics i illes: introduccions i
extincions als illots de Cabrera (Illes Balears). Mon. Soc. Hist. Nat. Balears 6/
Mon. Inst. Est. Bal. 66: 105-122. ISBN: 84-87026-86-9. Palma de Mallorca.
S'analitza la cornposicio faunistica dels illots de Cabrera per avaluar si hi ha
diferencies en I'impacte que ha tingut un esdeveniment historic clau (la colonit­
zacio per Rattus rattus) sobre dos grups faunistics amb capacitat de dispersio ben
contrastada: les aranyes en front als coleopters tenebrionids, Es confirma l'e­
xistencia de diferencies significatives en quant a la composicio taxonomica i
estructura de les comunitats per als dos grups, i s'interpreten aquestes diferencies
dintre d'un marc teoric general. Es proposa que, com a norma general, la com­
posicio d'especies enderniques (com a paradigma de les especies males disper­
sores) a illes no oceaniques sera el resultat de successives extincions a partir d'un
stock inicial mes ric, degudes a I'impacte de diferents esdeveniments claus que
van tenint IIoc al lIarg de la historia de cada ilIa.
Paraules c1au: Rattus rattus, Tenebrionidae, Araneae, Extincions, Insularitat,
Arxipelag de Cabrera.
Endemic invertebrates and islands: introducctions and extinctions in the
Cabrera archipelago (Balearic Islands).
The faunistic composition of 14 islets from the Cabrera archipelago (off SE
Mallorca, Balearic Is.) is analysed in search of potential differences in both com­
position and structure of the community of two invertebrate groups displaying
contrasting dispersal capabilities: spiders versus tenebrionid beetles. Differences
found are explained as the result of a historical event: the introduction of Rattus
rattus. We propose that the current composition of endemic species in non-ocea­
nic islands must be envisaged as the result of successive extinction events, each
linked to specific key events having occurred during island history. It is assumed
that the number of endemic species diminishes with time from a larger initial
stock. Insular endemic species are a paradigmatic example of organisms with
very reduced potencial for dispersal. Therefore, the introduced model of succes­
sive extinctions can be applicable to every poorly dispersed group of organisms.
Keywords: Rattus rattus, Tenebrionidae, Araneae, Extinctions, Insularity,
Cabrera Archipelago.
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Introduccio
Algunes illes geografiques 0 ecologi­
ques es veuen sotmeses a un fet paradoxal: la
invasio d'especies alienes normalment impli­
ca l'extincio de moltes d'especies endemi­
ques, pero a la vegada s'incrementa (0
almenys no baixa de manera significativa) la
diversitat total de I'illa (Lugo, 1988; Belles,
1996; Palmer i Pons, 1996a).
Les illes de la Mediterrania son un bon
exemple, ja que amb la arribada dels humans
s'introduiren tambe tota una serie de mami­
fers. Les comunitats teriologiques modemes
difereixen de les del final del Plistoce en que
les faunes actuals compten amb una major
quanti tat d'especies, pero quasi be no hi ha
endemismes. Per exemple, a Xipre, Corsega i
Mallorca s'extingiren quasi tots els marnifers
endemics just despres de I'arribada dels
humans. Actualment, aquestes tres illes
compten, respectivament, amb 10, 17 i 12
especies de mamifers silvestres (sense comp­
tar les rates pinyades), junt amb 8 a 10 taxons
domestics, essent les comunitats insulars
actuals molt semblants a les continentals mes
properes (Alcover, 1979; Alcover et al., 1981;
Vigne, 1997).
A una escala geografica mes petita
tarnbe hi ha exemples de I'efecte de la invasio
d'especies alienes. L'efecte de la presencia de
rates (Rattus rattus) sobre els tenebrionids
(coleopters majoritariament apters iamb ele­
vada taxa d'endemicitat) ha estat estudiada
als petits illots que envolten les Illes Balears
(Palmer i Pons, 1996a). Eis illots que tenen
rates tenen tambe un menor nombre de tene­
brionids endemics, pero el nombre total de
tenebrionids roman gairebe independent de la
presencia de R. rattus. Sembla, per tant, que a
les illes amb rates es produeix una substitucio
de tenebrionids endemics per tenebrionids
al.loctons, Blaps gigas Linnaeus, 1781 i
Elenophorus collaris Linnaeus, 1767 son
exemples d'especies afavorides per la presen­
cia de rates, probablement degut a una major
capacitat de resistir la predacio per part dels
rosegadors (Palmer i Pons, 1996a).
Un fet diferent pero relacionat es dona
(per exemple) a I'illa de Cabrera (SE de
Mallorca, Illes Balears): el numero despecies
d'ocells (Sunyer, 1997), de caragols terrestres
(Altaba, 1993) i de plantes vasculars (Bibiloni
et al., 1993) per unitat d'area es significativa­
ment major als conreus abandonats de les
rodalies del port que a habitats mes ben pre­
servats. Aquests exemples, a mes ames,
posen de manifest que la biodiversitat local
no es un bon indicador de qualitat mediam­
biental, especialment quan es tracta d'ende­
mismes i d'illes (Pons i Palmer, 1996).
Quina causa teorica pot estar rera d'a­
quests fenornens? Un dels models classics
per explicar la composicio especifica de cada
una de les illes d'un arxipelag esta basat en el
concepte de metapoblacio (Schoener, 1991).
Aquest model implica que les poblacions de
cada ilia estan connectades entre si per taxes
de colonitzacio altes 0, almenys, moderades.
EI model de la metapoblacio, pero, no es pot
aplicar ales especies amb baixa 0 nul.la dis­
persabilitat. Aquestes especies son un conjunt
qualitativament important, doncs la majoria
dels endemismes son, quasi com a condicio
necessaria i suficient, males dispersores. Per
tant, es esperable a priori que les comunitats
d'un arxipelag s'estructurin de manera dife­
rent i responguin diferenciadament en funcio
de la dispersabilitat de les especies que con­
formen aquestes comunitats.
Algunes de les diferencies entre els dos
tipus ideals de eomunitats, es a dir, comuni­
tats despecies bones versus eomunitats
d'especies males dispersores, es troben en: I)
I'estabilitat local i regional, 2) la causa d'un
patro estructural anomenat per diferents
au tors nested pattern, 0 3) I'impacte d'esde­
veniments histories clau.
En quant a I'estabilitat de les pobla­
eions, en una rnetapoblacio, una poblacio
local conereta pot esser inestable, i extingir­
se, pero l'especie pot esser estable i no extin­
gir-se a nivell regional. Aixo es degut a que
cada extincio local pot esser seguida d'una
recolonitzacio a partir d'una altra poblacio
local d'alguna de les illes vetnes 0 del eonti-
nent. Un exemple es el de les sargantanes del
genere Anolis de moltes de les Antilles
menors (Schoener, 1991). Per al nostre estudi,
es raonable asumir que les aranyes que cons­
trueixen teranyines elevades sobre vegetaci6
arbustiva (per exemple, Araneidae,
Tetragnathidae, Uloboridae i certes especies
de Theridiidae) tendran major capacitat de
dispersi6. Per a una especie mala dispersora
una extinci6 local es mes probable que sigui
irreversible. Aixo implica que, per no correr
rise d'extingir-se, cada poblacio local ha d'es­
ser abundant i estable a escala ecologica. La
poblacio de Phylan semicostatus Mulsant i
Rey, 1854, un coleopter tenebrionid endemic
i apter que es troba a I'illa del Toro (Calvia,
Mallorca), es un bon exemple d'abundancia i
estabilitat (Palmer i Pons, I 996b).
Una segona diferencia entre comunitats
bones i males dispersores esta en les causes
d'un patro estructural conegut com a nested
pattern (Darlington, 1957; Lomolino, 1996):
les iJles de molts d'arxipelags es poden orde­
nar de manera que si l'iJla mes depauperada
conte n especies, la seguent conte les matei­
xes n especies amb alguna addicio, i aixi sue­
cessivament fins a l'illa amb major riquesa
especifica. Sembla que aquest patro en comu­
nitats d'especies males dispersores esta rela­
cionat amb la semblanca ecologica entre illes
(per exemple, l'area insular) i es independent
del grau d'aillament.
Finalment, una tercera caracteristica
. diferencial entre comunitats d'especies bones
i males dispersores es I'impacte d'esdeveni­
ments histories cJau. Les dades ernpiriques
disponibles suggereixen que les especies
bones dispersores es veuen poe afectades per
esdeveniments de tipus catastrofic, Un exem­
pIe son les tormentes tropicals (huracans) que
devasten de forma periodica algunes de les
iJles petites del Carib. Esta ben documentat
que les empremtes d'aquests fenomens
catastrofics sobre la fauna amb bona dispersa­
bilitat queden esborrades en, relativament poe
temps (Schoener, 1991).
En aquest treball s'estudia exclusiva­
ment aquesta tercera caracteristica diferen-
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cial: es comparen i avaluen les composicions
faunistiques de dos grups d'organismes amb
capacitat de dispersio ben contrastada a 14
illes d'un mateix arxipelag. L'interes del cas
estudiat en aquest treball radica en el fet que
nornes una part de les iJles d'aquest arxipelag
han estat colonitzats per rates (Rattus rattus) i
que I'arribada de R. rattus es un esdeveni­
ments historic clau. L'efecte pertorbador de
R. rattus sobre les comunitats d'invertebrats
als illots de les Balears ha estat documentat
per Belles (1996) i Palmer i Pons (1996a), i
arriba adhuc fins a l'extincio local de dife­
rents especies endemiques, Aquesta compara­
cio ens permet dilucidar quin es el marc teo­
ric que diferencia arnbdos tipus de comunitats
(males versus bones dispersores) i avaluar-ne
les consequencies, EI model teoric avaluat
suposa que per a grups zoologies amb baixa
capacitat de dispersio, la composici6 faunisti­
ca actual es basicament el resultat de succes­
sives extincions de I'stock inicial degut a que
la probabilitat de recolonitzacio es minima
(extincions selectives). Contrariarnent, per a
grups zoo logics amb elevada capacitat de dis­
persio, la composicio faunistica actual seria el
.
resultat de successives imrnigracions i extin­




L'arxipelag de Cabrera, decJarat al
1993 Pare Nacional, es un conjunt d'illes i
illots de les Balears, que representa uns 13,2
krn' de terres emergides (Fig. I). Localitzat al
SE de Mallorca, es troba separat d'aquesta per
un freu d'aproximadament 9 krn entre el cap
de Ses Salines i I'illot rnes septentrional, Na
Foradada. Aquestes iJles es disposen de forma
allargada amb una direcci6 NE a SW.
L'arxipelag de Cabrera, compost per un total
de 19 Illes 0 iJlots ames d'un gran nombre
d'esculls, presenta una gran hetercgeneitat
respecte a les dimensions i a la forma de cada
una d'elles. Aquestes iJles varien entre les












Fig. 1. Situacio geografica de l'arxipelag de Cabrera.
Fig. 1. Geographical location of the Cabrera Archipelago.
0,10 Ha i els 142 m de perimetre d'illa de
1'0116 i les 1.154,75 Ha i 38.656 m de peri­
metre de Cabrera Gran. Servera (1993) aporta
mes dades sobre les caracteristiques fisiogra­
fiques d'aquesta zona. Les batimetries entre
illes permeten assegurar que els illots actuals
estaven connectats a I'illa principal en el
periode de maxima regressi6 marina durant la
darrera glaciacio del Plistoce (Cuerda, 1993).
En aquells moments, i a una escala espaial
d'unes decenes de km, es pot assumir una
notable homogeneitat mediambiental i es difi­
cil d'imaginar I'existencia de gradients
geografics en la cornposicio faunistica. Per
tant, s'ha d'assumir que en el moment en que
puja el nivell de la mar i es varen conformar
(aillar) els illots actuals, la seva composici6
faunistica devia ser molt semblant (tant pels
illots entre si, com entre illots i I'illa prin­
cipal).
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Fig. 2. L'!mperial al fons amb l'Olla en primer pIa (Foto Antonio Rodriguez-Perea),
Fig. 2. L'Imperial at the back and L 'Gila at the front. (Ligth Antonio Rodriguez-Perea).
Organismes estudiats
Nornes una part dels illots de Cabrera
han estat colonitzats per rates. La hipotesi
nul.la es que no hi ha diferencies entre les
illes amb rates 0 sense rates. Trobar aquestes
diferencies amb organismes de baixa capaci­
tat de dispersio i no trobar-les a organismes
d'elevada capacitat de dispersio confirmaria
la prediccio del marc teoric general.
Per avaluar ernpiricament l'efecte de la
dispersabilitat s'analitza la presencia - absencia
als illots de Cabrera de les especies de dos
grups zoologies amb diferent capacitat de dis­
persio: aranyes (Arachnida, Araneae; bones
dispersores) i tenebrionids (Tenebrionidae,
Coleoptera; insectes apters i de dispersio limi­
tada).
Moltes d'especies d'aranyes (Araneae)
presenten anemocoria, Hi ha dades contrasta­
des de dispersions de milers de quilometres
(Vigne, 1997). Segons el mateix autor, les
aranyes conformen un important percentatge
del plancton aeri. Algunes especies potencien
l'accio del vent amb un comportament deno­
minat en terminologia anglosaxona balloo-
ning consistent en la dispersio dels exemplars
juvenils gracies a la utilitzacio d'un fil de seda
que actua com a un estel (Attenborough,
1984). Aquesta caracteristica ja fou docurnen­
tada per Darwin quan navegava cap ales illes
Galapagos amb aranyes juvenils procedents
de la costa d'Equador capturades accidental­
ment a la coberta del Beagle. D'acord amb
l'elevada dispersabilitat, hi ha poques aranyes
endemiques. Aixi, ales Balears han estat
documentades 24 especies d'aranyes enderni­
ques (algunes d'elles amb dubtes taxonomies
pendents), d'un total de prop de 300 especies
inventariades. La totalitat d'aquests endemis­
mes tenen costums lapidicoles i una menor
dispersabilitat que especies d'altres families
d'aranyes rnes arboricoles (Pons i Palmer,
1996a; Pons et aI., 1993).
Contrastant amb aixo, la majoria de
tenebrionids (Coleoptera, Tenebrionidae) pre­
senten baixa dispersabilitat. Els casos de
subestructuracio (diferenciacio genetica entre
poblacions) son frequents (per exemple, Juan
et aI., 1996), fins i tot en absencia de barreres
biogeografiques (Finston i Peck, 1995). Els
casos de clines morfoanatorniques estan
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Fig. 3. Na Redona (Foto Antonio Rodriguez-Perea).
Fig. 3. Na Redona (Ligth Antonio Rodriguez-Perea).
tarnbe ben documentats i son frequents els
problemes taxonomies lligats a la interpreta­
cio d 'aquestes diferencies (per exemple,
Palmer, 1998). D'acord amb la baixa capaci­
tat de dispersio dels tenebrionids, la seva taxa
d'endemicitat es elevada. Aixi, trobam fins a
un 30% d'endemismes de tenebrionids ales
illes Balears (Pons i Palmer, 1996). No obs­
tant, aquesta es una xifra baixa si la compa­
ram amb altres illes de caracter oceanic com
Madeira, amb una taxa d'endemicitat del
54%, 0 les illes Canaries, amb un 82%
(Oromi, 1982).
Als illots de Corsega i Provenca, els
vegetals son el component mes important en
la dieta de Rattus rattus, excepte en el bose de
l'illa de Port-Cros (amb un 59,2% del volum
estomacal compost per invertebrats). EI regim
alimentari de R. rattus es molt variable i la
fraccio animal representa d'un 0,5 fins a un
26,6% (del volum estomacal) (Cheylan,
1988). R. rattus depreda, principalment,
sobre coleopters, hemipters i lepidopters. Els
aracnids, dipters i ortopters tambe estan pre­
sents en la seva dieta, pero son mes rars
(Cheylan, 1988). EI mateix autor indica la
importancia de l'oferta alirnentaria a determi­
nats indrets, com es l'abundancia de rniriapo­
des a Port-Cros, Aquesta abundancia es veu
ben retlectida en el regim alimentari de R. rat­
tus en aquesta illa. Els caragols terrestres
tambe son un element gens menyspreable a la
dieta de les rates. Sovint les closques de cara­
gols terrestres amb senyals d'haver estat men­
jades son emprades com a indicadors de la
presencia-absencia de rates als illots (Palmer i
Pons, 1996a).
Base de dades
Les llistes faunistiques de cadascun
dels 14 illots considerats (Fig. I) es feren mit­
jancant recol.leccio directa. A Palmer i Pons
(1996a) s'analitza I'eficiencia del metode de
recerca i es justifica la seva utilitzacio.
L'esforc de mostratge s'avalua en un minim
de 5 hores per hectarea, repartides en almenys
dues visites a cada illot (Palmer i Pons,
1996a).
Estrategia general de l'analisi de les dades
Les anal isis de les relacions entre loca­
litats a partir de matrius de presencia/absencia
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Fig. 4. Na Foradada, amb el seu far, es l'illot mes septentrional de l'arxipelag (Foto Antonio
Rodriguez-Perea),
Fig. 4. Na Foradada, with a lighthouse, is the northerst islet (Ligth Antonio Rodriguez-Perea).
d'especies encara es un topic no ben resolt
pels estadistics teorics, malgrat la seva
irnportancia en ecologia i biogeografia (Birks,
1987). Una de les aproximacions possibles al
problema es calcular una matriu de similari­
tats entre localitats a partir de la matriu origi­
nal. Les matrius de similaritat es poden ana­
litzar per diferents metodes i objectius (Birks,
1987; Real i Vargas, 1996). Aqui s'ha realit­
zat una analisi d'ordenaci6, assignant-se un
valor a cada localitat dins d'una sequencia
teoricamet continua. Finalment, la variable (0
variables) generada pot ser analitzada amb
metodes estadistics convencionals per tal d'a­
valuar hipotesis.
S 'ha adoptat aquesta estrategia general
ja. que l'objectiu final es avaluar I'efecte
d'una variable categorica (presencia de rates).
De totes maneres, un dels punts d'aquest pro­
tocol no esta del tot resolt. Es tracta de l'elec­
cio de l'index de similaritat. Les propietats
matematiques normalment recomenades per a
aque.sts indexs son: I) que el seu valor s'in­
crementi linealment entre uns valors maxim i
minim a la vegada que s'incrementa el nume-
ro d'especies compartides per ambdues loca­
litats i 2) que I'index sigui independent de la
diversitat de cada localitat i de la mida de la
mostra (Wolda, 1981). L'index de Jaccard
(Jaccard, 1908) cumpleix la primera condicio,
pero cap dels indexs usuals cumpleixen la
segona. Krebs (1989) suggereix que si es
manten constant la mida de la mostra (es a dir,
l'esforc de mostreig), I'index de Jaccard
podria ser un bon estimador de la similaritat
ambiental. Aquests autors asumeixen, pero,
que la diversitat de cada localitat es compara­
ble i que l'abundancia de les especies segueix
una serie logaritmica, la qual cosa podria no
acomplir-se en illes de mida diferent. Malau­
radament, manquen estudis teorics que clarifi­
quin aquest punt. Relacionat amb I'anterior,
hi ha tambe un possible problema biologic:
quant mes petita es una ilia major sol ser la
influencia marina, de manera que les illes
petites solen ser tambe biologicament mes
semblants que l'esperat (un exemple es troba
Wiggins i Meller, 1996, i Lomolino, 1996,
tarnbe tracta una questio relacionada).
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Fig. 5. L'illa des Coni lis, despres de I'illa de Cabrera, es qui aporta mes superficie a l'arxipelag
(Foto Antonio Rodriguez-Perea).
Fig. 5. L'illa des Conills, following Cabrera main land, is the bigest islet (Ligth Antonio
Rodriguez-Perea).
Recentment s'han fet una serie de pro­
gressos interessants comparant els valors
observats amb la distribucio teorica de I'in­
dex. L'index de Jaccard sembia ser un dels
mes ben coneguts en relacio a aquest aspecte
(Baroni-Urbani, 1980; Real i Vargas, 1996).
Aquest fet i, sobre tot, la manca d'altematives
rnes raonables ens ha fet decidir per I'index de
Jaccard, malgrat els problemes esmentats
abans. De totes formes, les noves perspectives
que tot just s'estan obrint amb els metodes de
randornitzacio (vegeu, per exemple, Manly,
1995) permetran nous avencos teorics,
Escalat multidimensional
A partir de les matrius quadrades for­
mades pels coeficients de similaritat entre
totes les parelles possibles d'illots, s'ha deter­
minat una (mica variable que assigna un valor
discret a cada un dels illots. L'escalat multidi­
mensional es un procediment de reduccio de
dades que permet determinar coordenadas en
un espai amb menys dimensions que I'origi­
nal. Les noves coordenades son tals que les
distancies (0, en aquest cas, similaritats) entre
els nous punts son el rnes sembiant possible a
les distancies entre les coordenades originals.
Es parteix de les matrius de presencia - absen­
cia, que situen cada illot en un espai de n­
dimensional, on n es el numero d'especies de
l'arxipelag, Les diferencies entre illots dintre
d'aquest espai son estimades gracies als index
de similaritat, i I'escalat multidimensional
permet determinar noves coordenades en un
espai, en el nostre cas, d'una sola dimensio.
L'escalat multidimensional s'ha realitzat amb
la rutina MDS del SYSTAT (Wilkinson,
1992).
Analisi de la covariance
L'obtencio de coordenades I-dimensio­
nals per a cada illot es necessaria per a la
passa seguent: dilucidar I'existencia de
patrons de covariacio entre la fauna (per una
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Fig. 6. N'Enciola, amb el seu far, separa l'illa de les Rates (a la dreta) dels Estells (Estells
Xapats a l'esquerra de la fotografia) (Foto Antonio Rodriguez-Perea).
Fig. 6. N 'Encia la, with a lighthouse, separates l'illa de les Rates (on the rigth) from the Estells
(the Estells Xapats on the left) (Ligth Antonio Rodriguez-Perea).
part els tenebrionids i per l'altra les aranyes) i
una serie de variables ambientals. L'eventual
existencia d'aquests patrons diferencials entre
grups de capacitat de dispersio ben diferen­
ciada sera finalment interpretada per les
implicacions teoriques dels dos mares teorics:
el de les imrnigracions/extincions versus el de
les extincions selectives.
En primer lIoc s'ha avaluat TENEB
com a variable depenent. Aquesta variable es
el resultat de l'escalat multidimensional dels
indexs de Jaccard per a Tenebrionidae. En el
segon, ARANY, que es el mateix per a
Araneae. En arnbdos casos, les variables inde­
pendents han estat la presencia de rates
(RATES, com a variablecategorica), i la sem­
blanca mediambiental general (PLANT, com
a covariable). Per estimar aquesta semblanca
s'ha optat per la presencia-absencia de plantes
vasculars, basada en Bibiloni et al. (1993). De
forma semblant a la fauna, PLANT es eI
resultat de l'escalat multidimensional dels
indexs de Jaccard per ales piantes vasculars.
Altres dues variables han estat cons ide­
rades pero eliminades de les anal isis finals. Es
tracta de la distancia de cada illot a l'illa prin­
cipal, ja que la presencia de rates es distancia­
depenent (Cheylan, 1986; Palmer i Pons,
1996a). D'altra banda, PLANT i l'area de
cada illot han resultat ser colinears. De les
dues variables s'ha escollit PLANT perque, a
priori, ens ha semblat un estimador mes fi de
l'ambient de cada illot.
Totes les regresions per grups de la
variable categorica son significatives (Sokal i
Rolhf, 1981). S 'ha testat el paral.lelisme de
les rectes avaluant la no significacio d'inte­
raccions entre RATES i PLANT (Wilkinson,
1992).
Resultats
Les matrius de presencia - absencia es
basen en Palmer (1994), Palmer i Petitpierre
(1993), Pons (1993) i Pons et al. (1993).
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Ca Co Re 1m PI Po Fo Ra XI XO Es Ec Fr BI Fn Eo
Tentyria schaumi X X
Stenosis intricata X X X X X X X X X X X X X X
Elenophorus collaris X
Alphasida depressa X X X X X X X X X X X




Phylan nitidicollis X X X X X X X X X X X X
Phylan semicostatus X X X X
Gonocephalum rusticum X




Nesotes viridicollis X X X X X X X X X X




Taula 1. Distribucio dels tenebrionids de Cabrera.
Table 1. Distribution ofTenebrionidae in Cabrera.
Ca = Cabrera; Co = IlIa des Coni lis; Re = Na Redona; 1m = L'Imperial; PI = Na Plana; Po = Na
Pobra; Fo = Na Foradada; Ra = ilia de ses Rates; XI = Estell Xapat de Lievant; Xp = Estell
Xapat de Ponent; Es = Estell de s'Esclata-sang; Ec = Estell des Coli; Fr = Estell de Fora; BI =
Ses Bledes; Fn = Es Fonoll; Ep = L'Esponja.
Sembla que I'illa de ses Bledes no pot
mantenir una poblacio estable de R. rattus,
pero s'han observat excrements que son atri­
butts a colonitzacions no exitoses (Alcover,
1993). Aquestes colonitzacions esporadiques
sembien haver deixat la seva impronta en el
numero de tenebrionids endemics esperats
(Palmer i Pons, 1 996a). Per aixo s'asumeix
que les ratesja han modificat la biota d'aquest
iIIot.
A la taula 1 es poden trobar les dades
referides als tenebrionids, mentres que a la
taula 2 es mostren les dades per ales aranyes.
L'illa des Fonoll presenta un numero d'arac­
nids anormalment baix, degut a diferencies
significatives en l'esforc de mostreig, per la
qual cosa aquest illot ha estat exclos de I'ana­
lisi de dades per ales aranyes.
Per als tenebrionids, cal destacar la
presencia de Dendarus depressus Reitter,
1915 endemisme gimnesic (present a
Mallorca, Menorca i Cabrera), recol.lectat
unicament a I'Esponja, i del que es coneixen
molts poques poblacions actuals (Palmer,
1994). La presencia de Crypticus pubens
balearicus Espafiol, 1950 a Cabrera es tambe
interessantja que es un dels pocs endemismes
de les Balears compartit per les Gimnesies
(grup d'illes del nord de les Balears) i per a
les Pitiuses (grup d'illes del sud; Pons i
Palmer, 1996a; Palmer et al., en premsa).
S'han identificat 84 taxons d'aranyes,
de les quaIs un minim de 4 son enderniques de
les Balears: Nemesia brauni Koch, 1882 (pre­
sent a la majoria dels illots); Harpactea
dufouri (Thorell, 1873); Malthonica baleari­
ca Brignoli, 1978 i Hahnia hauseri Brignoli,
1978. La composici6 araneologica esta dorni­
nada per families de costums lapidicoles
(diurnes i/o nocturnes): els Gnaphosidae (12
especies) i Salticidae (12 especies), No obs­
tant, tambe entre aquestes dues families es
troben multiples exemples d'especies dam­
plia distribuci6 geografica i elevada capacitat
de dispersi6. La dispersi6 es d6na quan l'indi­
vidu es juvenil. Especies arboricoles 0 arbus­
tives, malgrat tenguin un elevat poder de dis­
persi6 (com succeix amb la familia
Araneidae), estan forca condicionades per la
presencia d'aquest tipus de vegetaci6. Aixi,
no poden colonitzar illes molt properes que
comptin unicament amb vegetaci6 baixa,
herbacia i, en el cas de quasi la totalitat d'i-
1I0ts de Cabrera, de caracteristiques nitrofiles,
Com es veu a la taula 2 de distribuci6 d'aran­
yes per illots de Cabrera la majoria de les es­
pecies d'Araneidae es distribueixen a I'illa
major, a excepci6 de Neoscona dalmatica
(Doleschall, 1852) i Zygiella x-notata
(Clerck, 1757), que son especies fissuricoles
litorals i la seva presencia no depen de la
vegetaci6. Aixi doncs, tant les aranyes lapidi­
coles com arboricoles compten amb una capa­
citat de dispersi6 molt superior que els
coleopters apters,
A la figura 7 es mostren els resultats de
les dues anal isis de la covarianca, Aquesta
figura es completen amb la taula 3. En el cas
de les aranyes, la presencia de Rattus rauus,
RATES, sembla no tenir efectes significatius
(F= 0,609, P= 0.453), contrastant amb l'efec­
te molt significatiu que aquesta variable te per
a TENEB (F= 32,417, P= 0.001). Respecte a
la flora de cada illot (PLANT), te un clar efec­
te significatiu tant per a TENEB (F= 13.510,
P= 0.004), com a per a ARANY (F= 17,019,
P= 0.002).
Dues de les especies de tenebrionids
(Phylan semicostatus i Phylan nitidicollis)
son alopatriques, i han estat considerades
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especies germanes d'origen recent (Palmer,
1994). En aquest cas el model de les extin­
cions selectives a partir d'un stock inicial
cornu no tendria sentit, Considerant les dues
especies com a una sola, no hi ha canvis qua­
litatius en els resulats, que s'han de cons ide­
rar per tant independents de la possible vica­
riancia entre aquestes dues especies.
Discussi6
Una de les diferencies teoriques entre
els dos tipus ideals de comunitats (amb espe­
cies bones dispersores versus males disperso­
res) son les repercusions que han de tenir els
esdeveniments histories concrets sobre la
composici6 faunistic a (a Palmer i Pons, en
preparaci6, s'exploren altres diferencies), La
predicci6 teorica es que les especies amb
taxes de colonitzaci6 moderades 0 altes es
poden veure poe afectades per una catastrofe
com es I'arribada a un illot de mida petita
d'un depredador potencial per als inverte­
brats. En el cas contrari, s'espera que les espe­
cies amb baixa 0 nul.la dispersabilitat es
poden veure molt afectades per fets histories
de caire catastrofic,
L'arribada de rates a un illot es un d'a­
quests fets histories que perrneten la compara­
ci6 dels seus efectes en especies amb baixa
versus alta capacitat dispersva. Els resultats
obtinguts son clars: per als tenebrionids hi ha
un efecte significatiu de la presencia de rates
sobre la composici6 faunistica de cada illot,
que no es fa pales per ales aranyes (fig. 7,
taula 3). En el cas dels tenebrionids, aquest
efecte s'afegeix ales diferencies mediarn­
bientals (mesurades via composici6 floristica)
per si mateixes. Es a dir, dos illots amb com­
posicions floristiques molt semblats tendran
composicrons faunistiques (tenebrionids
apters) significativament diferents si un te
rates i I'altre no, pero semblats si ambd6s
tenen 0 no tenen rates. La discussi6 de possi­
bles interaccions entre el medi ambient (esti­
mat via composici6 floristica) i la presencia
de rates sobre la composici6 faunistica, aixi
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Ca Co Re 1m PI Po Fo Ra XI Xo Es Ec Fr 81 Fn ED Pa 01
Nemesia brauni X X X X X X X X X X
Fi/istata insidiatrix X
Scytodes velutina X X X X X X X X X
Loxosceles rufescens X X
Pholcus phalangioides X
Spermophora valentiana X X X X X X X X X X X X X
Spermophora sp. X
Ariadna spinipes X X X X X X X X X X X X
Segestria bavarica X X X X
Dysdera crocata X X X X X X X
Harpactea dufouri X
Anelosimus sp. X X X
Argyrodes gibbosus X
Enoplognatha mandibularis X X X X X X X X
Steatoda triangularis X
Pholcomma gibum X
Theridion petraeum X X X X X





Cyclosa insulana X X
Mangora acalypha X
Nemoscolus laurae X
Neoscona dalmatica X X X X
Nuctenea umbratica X X X





Hahnia hauseri X X
Cheiracanthium sp. X X X X X X
Clubiona genevensis X X X X X X
Drassodes lapidosus X X X X X X X
Haplodrassus dalmatensis X X X X X X
Nomisia exornata X X X X X X
Zelotes longipes X
Zelotes carmeli X
Aphantaulax aff. seminigra X X X X
Gnaphosidae sp I X X X X
Gnaphosidae sp 2 X X X X X X X
Gnaphosidae sp 3 X X X X X X
Gnaphosidae sp 4 X X X X
Gnaphosidae sp 5 X X X
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Ca Co Re 1m PI Po Fo Ra XI xe Es Ec Fr BI Fn Ep Pa 01
Gnaphosidae sp 6 X
Zoropsis spinimanus X
Thanatus mundus X X X X
Philodromidae sp. X X X X
Synema globosum X X
Thomisus onustus X
Xysticus nubilus X X
Cyrba a/gerina X X X X X X X
Menemerus sp. X X X
Heliophanus sp. X X X X
Phlegra breneri X
Euophrys va(ra X X X X X X X X X X X X X X
Evarchafalcata X
Salticus sp. X X
Salticidae sp. 1 X X X X X X
Salticidae sp. 2 X X X X
Salticidae sp. 3 X X X
Salticidae sp. 4 X
Salticidae sp. 5 X •
Lycosidae sp. X X X X X X X X
Lycosa cf radiata X
Liocranum majus X X X X X X X X X X X X X
Zodarion sp. X
Lathys narbonensis X X X X X X
Oonopinus angustatus X X X
Oonopidae sp X X
Dysderina loricata X X X X
Zora sp. X
Erosp. X X
Linyphiidae sp 1 X
Linyphiidae sp 2 X X






Taula 2. Presencia d'aranyes (Araneae) als illots de Cabrera.
Table 2. Presence ofspiders on the Cabrera cays.
Ca = Cabrera; Co = IlIa des Coni lis; Re = Na Redona; 1m = L'lmperial; PI = Na Plana; Po = Na
Pobra; Fo = Na Foradada; Ra = IlIa de ses Rates; XI = Estell Xapat de Llevant; Xp = Estell
Xapat de Ponent; Es = Estell de s'Esclata-sang; Ec = Estell des Coli; Fr = Estell de Fora; BI =
Ses Bledes; Fn = Es Fonoll; Ep = L'Esponja; Pa = Illot PIa; 01 = L'Ollo,
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Fig. 7. Relacions entre mediambient i cornposicio faunistica. PLANT es una mesura de sem­
blanca entre flores insulars. TENEB i ARANY son el mateix per a tenebrionids i aranyes (vegeu
el text per a mes details). Cada punt representa un illot. Es pot veure que per a tenebrionids, les
rectes de regresio per a illes amb i sense rates preseten punts dintercepcio diferent, suggerint
que la presencia de rates determina significativament les especies de tenebrionids de cada ilia.
La diferencia entre les dues rectes corresponents a aranyes es molt mes petita i no significativa.
Fig. 7. Relationships between environment and faunistic composition. PLANT is a similarity
measurement of insularflora. TENEB and ARANY are the same for tenebrionid beetles and spi­
ders (see textfor more details). Every point in the graph represent a single islet. The regression
lines indicates that the intercepts for the lines with and without rats are different in the case of
the beetles, suggesting that the presence of R. rattus determines tenebrionid composition.






























Taula 3. Resultats de l'analisi de la covarianca per ales aranyes (part superior) i els tenebrio­
nids (part inferior). La variable categorica es RATES (presencia/absencia de rates) i PLANT es
la covariable. PLANT es el resultat de I'escalat multidimesional de la matriu de similaritat
(index de Jaccard) derivat de la matriu de presencia/absencia de plantes vasculars als 14 illots
estudiats. Les variables depenents (ARANY i TENEB) son obtingudes de manera analoga a
PLANT. Notau que per ales aranyes hi ha un grau menys de lIibertat degut a l'exclusio de I'Illa
des Fonol!.
Table 3. ANCOVAs' results. Spiders' results are shown at top and tenebrionid beetles at the bot­
tom. The categorical variable is RATES (presence/absence ojRattus rattus) and the covariable
is PLANT PLANT is the result oj multidimensinal scaling oj the Similarity matrix (Jaccard
index) obtained from the presence/absence matrix oj vascular plants at the 14 studied islets.
Dependent variables (ARANY and TENEB) have been obtained by the same procedure (for spi­
ders and tenebrionid beetles). It should be noted that spiders analysis has only 10 degrees oj
Jreedom because oj the exclusion ojIlla des Fonoll.
com la cadena de relacions causa-efecte son
molt interessants, pero ultrapassen els objec­
tius d 'aquest article.
EI fet de que els tenebrionids apters son
mes sensibles a la presencia de rates que les
aranyes, malgrat que els dos grups son preses
potencials de les rates (Cheylan, 1982; 1988),
es interpretat com el resultat d'una capacitat
de dispersio diferent, que implica un marc
teoric general amb diferencies qualitatives.
L'arribada de rates (i de qualsevol altre esde­
veniment historic clau) implica un trasvalsa-
ment de les condicions ecologiques d'una ilia,
i incrementa de forma significativa la proba­
bilitat d'extincio dels tenebrionids, i per
extensio de les especies amb baixa capacitat
de dispersio. L'arribada de rates implicaria
tarnbe l'extincio local d'aranyes, pero, degut
a la capacitat de dispersio elevada de moltes
de les especies d'aranyes, s'espera que la pro­
babilitat de recolonitzacio sigui alta.
Contrastant amb aixo, la probabilitat de reco­
lonitzacio per part d'especies amb baixa capa­
citat de dispersio (i dels endemismes en parti-
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cular) es gairebe nul.la. La cornposicio
faunistica d'especies enderniques als illots de
Cabrera s'ha d'interpretar com el resultat de
successives extincions d'un stock inicial rnes
ric degudes als efectes que han tingut succes­
sius esdeveniments catastrofics al lIarg de la
historia (concretament, als esdeveniments des
de la darrera glaciacio ja que aquesta implica
una davallada del nivell de la mar, la conne­
xio dels illots amb I'illa principal i una homo­
geneitzacio faunistica),
Un fet relacionat amb aquest punt ha
estat posat de manifest per Palmer i Pons
(1996a), els quaIs descriuen I 'efecte significa­
tiu de la presencia de rates sobre el nombre
d'especies de tenebrionids endemics d'illots
(aqui s'analitza no el nombre total sino la
cornposicio faunistica concreta). A mes a
rnes, Palmer i Pons (1996a) descriuen i inter­
preten un altre fet: sembla ben contrastat que
les rates poden arribar (dispersio activa) a
illots situats a menys d'uns 300 metres de la
costa (Chey1an, 1986). Per ales Balears en
general, els illots propers presenten de fet una
major frequencia de presencia de rates, pero
el que demostren Palmer i Pons (1996a) es
que certs illots propers a la costa (a menys de
300 m) i actualment sense rates (vgr., es
Pantaleu), presenten composicions faunisti­
ques propies d'illes amb rates. Aquest fet
s'interpreta per colonitzacions no existoses de
rates. EI lIindar de 300 m sembla idoni per als
illots de les Balears en general, pero podria
ser menor per als illots de Cabrera. Degut a
l'efecte filtre que te I'illa principal (Ia densitat
de poblacio de rates es elevada ales rodalies
del port de Cabrera pero baixa a la resta de
possibles punts de partida de migracions cap
els illots, possiblement degut a la presencia
d'un depredador eficac, la geneta (G. genetta)
(Alcover, 1993), s'espera que el numero de
migrants sigui menor, i, d'acord amb
MacArthur i Wilson (1967), la probabilitat de
rnigracio exitosa cap als illots dels voltants
sigui mes petita. EI marc teoric de les extin­
cions selectives proposat aqui es tambe d'a­
plicacio, pero mes enlla d'implicacions teori­
ques, aquest cas s'hauria de tenir-se en comp-
te a I'hora de dissenyar la gestio mediambien­
tal de casos semblants: no es gaire factible
recuperar la fauna endemica original (abans
de la invasio de les rates) als illots situats prop
de la costa. De fet, a aquests illots es possible
que la fauna endernica actual hagi sofert
importants depauperacions al lIarg de la seva
historia. A mes a rnes, fins i tot eliminant les
rates a aquests illots es molt probable que hagi
noyes recolonitzacions. Sembla mes prudent
dirigir els esforcos a detectar rapidament
colonitzacions d'especies alienes als illots
mes allunyats i actuar amb contundencia en
aquests casos. Tambe s'ha d'indicar que les
consideracions teoriques repetides al lIarg
d'aquest article desaconsellen les introduc­
cions d'especies endemiques (i en general
d'especies males dispersores) entre illes 0
illots del mateix arxipelag, ja que cada pobla­
cia local pot ser geneticament independent.
Aixi, Petitpierre et al. (1997), per al cas del
Ferreret (Alytes muletensis), suggereixen que
les introduccions en poblacions distintes de
les originals es tendrien que limitar a casos
extrems.
Les dades presentades i analitzades en
aquest treball posen de manifest la importan­
cia de coneixer els esdevenimets histories a
l'hora d'interpretar la cornposicio faunistica
d'illes 0 de prendre mesures de gestio me­
diambiental. Aquests esdeveniments poden
ser critics quan es veuen involucrades espe­
cies endemiques de baixa capacitat de disper­
sio i haurien de ser tinguts en compte a l'hora
de dissenyar programes de conservacio,
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The habitat of the Hispaniolan Solenodon (Solenodon paradoxus) was investiga­
ted in the Dominican Republic in relation to particular environmental parameters
(geomorphology, geologicalstructure, soil type, elevation, life zone, vegetation,
rainfall, and temperature). Results are discussed in relation to relevant species­
environment interactions, particularly habitat preferences and life history patterns
of the species. Comparisons on the habitat, ecology and life history are made bet­
ween S. paradoxus and the Cuban Solenodon (S. cubanus), the only other living
member of the genus.
Keywords: Solenodon, Caribbean, Antilles, Ecology, Conservation Biology.
Observaciones sobre el habitat y ecologia del Solenodon de la Hispaniola
(Solenodon paradoxus) en la Republica Dominicana.
EI habitat del Solenodon de la Hispaniola (Solenodon paradoxus) fue estudiado
en la Republica Dominicana en relacion a una serie de parametres ambientales
(geomorfologia, estructura geologica, tipo de suelo, elevacion, zona de vida, for­
macion vegetal, precipitacion, y temperatura). Las relaciones especie-habitat son
analizadas usando un modelo empirico descriptivo. Las observaciones sobre inte­
racciones especie-rnedio ambiente resultantes son discutidas particularmente en
relacion a preferencias aparentes de habitat y a los patrones de historia natural de
la especie. Se ofrecen comparaciones entre el habitat, ecologia y patrones de his­
toria natural de S. paradoxus y el Solenodon Cubano (S; cubanus), el unico otro
miembro viviente del genero.
Palabras clave: Solenodon, Caribe, Antillas, Ecologia, Biologia de la
Conservacion.
Observacions sobre l'ecologia i Phabitat del Solenodon de la Hispaniola
(Solenodon paradoxus) a la Republica Dominicana).
Es va estudiar I'habitat del Solenodon de la Hispaniola (Solenodon paradoxus) a
la Republica Dominicana en relacio a tota una serie de parametres ambientals
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(geomorfologia, estructura geologica, tipus de sol, elevacio, zona de vida, for­
macio vegetal, precipitacio i temperatura). S'analitzen les relacions especie-habi­
tat mitjancant un model descriptiu empiric. Es discuteixen les observacions sobre
les interaccions especie-ambient resultants particularment en relacio a preferen­
cies aparents d'habitat i als patrons d'historia natural de l'especie. S'ofereixen
comparacions entre l'habitat, I'ecologia i els patrons d'historia natural del S.
paradoxus i del Solenodon cuba (Solenodon cubanus), l'unica altra especie
vivent del genere.
Paraules cIau: Solenodon, Carib, Antilles, Ecologia, Biologia de la Conservacio,
Introduction
The Greater Anti llean insectivores
constitute the oldest assemblage among the
known mammal fauna of the West Indies
(MacPhee and Grimaldi, 1996; Hedges,
1996). The group once reached an extensive
radiation in the region, that have been compa­
red to that of the tenrecoid insectivores on the
island of Madagascar (Patterson, 1962;
Morgan et aI., 1980; Eisenberg and Gonzalez,
1985), and their members are present in the
recent fossil record of Cuba, Hispaniola,
Puerto Rico and the Cayman Islands. Their
radiation in the region includes two recogni­
zed families, Nesophontidae and
Solenodontidae (Wilson and Reeder, 1993).
The former comprises several extinct forms in
a single genus, Nesophontes, and was the
most widely distributed. The Solenodontidae
contains four species in one genus,
Solenodon, the only extant member of the
Insectivora in the region, and perhaps the
most peculiar of all West Indian mammalian
genera. Two are extinct, S. marcanoi from
Hispaniola and the much larger S. arredondoi
from Cuba (Patterson, 1962; Ottenwalder,
1991; Morgan and Ottenwalder, 1993), whe­
reas two living species, S. cubanus in Cuba
and S. paradoxus in Hispaniola, are represen­
ted by relictual populations in Cuba,
Dominican Republic and Haiti. Both species
were apparently widely distributed in Cuba
and Hispaniola during the Pleistocene and
precolumbian Holocene. Today, the Cuban
and Hispaniolan. solenodons are critically
endangered (IUCN, 1996; Ottenwalder, 1985,
1991), and have been included among the
mammalian species with higher priorities for
needed action to prevent their extinction
(Thornback, 1983). They are permanently
protected by law in the Dominican Republic
and Cuba.
Little is known about the natural his­
tory and ecology of these two species, becau­
se of their rarity and secretive habits. First
described by Brandt (1833), our present
knowledge of the biology of S. paradoxus is
still scanty. Published information about the
habitat and distribution of S. paradoxus gene­
rally follows Miller (1929b) and Allen
(1942), in describing these as "areas of stony
forest" in the northeastern portion of the
Dominican Republic (Westermann, 1953;
Hall and Kelson, 1959; Pena, 1977; Hall
1981). Perhaps the most meaningful interpre­
tation of the habitat of S. paradoxus from ear­
lier reports is probably given by Findley
(1967): "caves, burrows, and hollow. trees, in
rocky, wooded, hilly country". Similar data
on the Cuban solenodon is equally scanty.
Other than a paper by Eisenberg and
Gonzalez (1985) providing useful observa­
tions on the habitat and ecology of S. cuba­
nus, from one mountainous site west of
Baracoa in eastern Cuba, little information is
available in the published literature.
The observations presented in this
paper are part of broader studies conducted
over a series of years on the systematics, eco­
logy, and conservation biology of the genus
Solenodon (Ottenwalder, 1985, 1991; Woods
and Otten walder, 1992; Morgan and
Ottenwalder, 1993; Ottenwalder and Woods,
ms.; Ottenwalder and Rupp, ms; unpublished
data). Furthermore, since no undisturbed
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populations could be located, no reliable esti­
mates of natural densities are available to
allow for correlation of relative abundance to
particular habitat characteristics, and no
attempt is made to claim definition of optimal
and marginal habitats, but an approximation.
The complexity of the habitat is important as
a comprehensive environmental parameter in
ecological studies but is difficult to reduce to
a simplified meaningful index. Therefore, it is
important to point out that for the purposes of
this paper, species-habitat relationships are
analyzed and discussed following a descripti­
ve empirical approach. A more detailed paper,
providing a larger sample size of sites and
data sets as well as statistical testing of the
findings, conclusions and speculations and
their proposed implications as presented here,
is under preparation.
The primary objective of this paper is
to provide general information otherwise una­
vailable on the habitat and ecology of the
Hispaniolan Solenodon, an insular endemic
becoming increasingly endangered by deve­
lopment activities in the Dominican Republic,
and on the brink of extinction in Haiti.
Additional objectives are, to identify which
habitat characteristics and environmental con­
ditions seem more favorable considering
morphological and ecological adaptations of
Hispaniolan and Cuban Solenodons. and, to
discuss ecological species-environment inte­
ractions and their implications to the natural
history patterns, and expected responses to
environmental constrains of their natural
habitats.
Methods
The study of the habitat of Solenodon
was primarily conducted on localities suppor­
ting extant populations throughout the
Dominican Republic. Selection of these sites
is supported by specimens, and direct obser­
vations of animals and/or their borrows and
foraging tracks. Also included, although dis­
cussed separately, are localities where we
obtained reliable reports with substantial evi­
dence of their presence of Solenodons sigh­
ted, captured, or killed by people or dogs.
Localities were identified primarily during
countrywide field surveys conducted at irre­
gular intervals since the mid-1970's, to search
for extant populations, establish their conser­
vation status and distribution, and gather
observations on their ecology and natural his­
tory. A few historical localities were also
included, when specific sites were accurately
described and located from published reports
and concluding evidence of the recent or past
presence of the animal was unequivocal (e.g.,
museum specimens). In the later case, sites
were included only if present day habitat con­
ditions were not seriously disturbed.
Topographic maps (I :250,000) were
used to pinpoint the areas and specific locali­
ties studied. Although surveys were concen­
trated in the areas determined to have high
potential, interviews and search efforts were
conducted during field trips to any other areas
of the country whenever the natural vegeta­
tion and topography were appropriate. Areas
were surveyed during the day to establish the
extent and quality of the habitat and to search
for Solenodon signs, such as foraging excava­
tions on the soil surface; burrow entrances on
the ground, at the base of stumps, fallen trees
or crevices in rocks; tracks or trails around the
base of rocky outcrops; fecal pellets; and
remains of recently dead animals. During the
night, direct observations were attempted
whenever possible to verify the existence of
presumed or persisting populations.
For each locality, we analyzed several
sets of geological and ecological parameters.
Localities were grouped by geomorphological
region, geological structure, soil type, eleva­
tion, life zone, vegetation type, rainfall, and
temperature. Edaphic factors, particularly
soils characteristics, were examined in detail,
considering their importance in relation to the
food substrate and foraging methods of
Solenodon. The soil resource inventory adop­
ted is based on RPUs (Resource Production
Unit), defined as a load unit sufficiently
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homogeneous with respect to agroecological
factors of soil, climate, and water resources to
be a reliable planning unit for resource policy
analysis. It is based on two main components,
soil resources and plant life zones. This sys­
tem provides a hierarchy of classes that can be
grouped to permit the most precise predic­
tions possible about responses to management
and manipulation (CRIES, 1978). Soil types
in Solenodon localities were identified using a
soil taxonomy map to subgroup level supe­
rimposed on a general topographic map
(1 :500,000).
In addition to data gathered in the field,
the following information sources of were
used in the development of the baseline data
for analysis: a) site location and topography:
panchromatic photo-maps I :50,000 and
I :250,000 (U.S. Army Topographic
Command, 1966-1970); b) geology and geo­
morphology: Mapa Geornorfologico,
1:500,000 (OEA, 1967), Mapa Geologico
Preliminar, 1:250,000 (OEA, 1967), Bowin
(1975); c) soils: Mapa de Asociaciones de
Suelo, 1:250,000 (OEA, 1967), Soil Survey
Staff (1975), CRIES (1977), Soil Taxonomy
Map, 1:500,000 (Siedra, 1977); d) life zones:
Mapa Ecologico (Holdridge classification),
1:250,000 (OEA, 1967); vegetation: Land
Use and Vegetation, 1:250,000 (OEA, 1967),
Forest Resources Technical Maps, I: 100,000
and 1:200,000 (FAO, 1973); e) temperature
and rainfall: Mapa de Isoyetas, 1:500,000
(OEA, 1967), Oficina Nacional de Estadistica
(1979), Reyna and Paulet (1979); f) database
modeling: OEA (1967, 1984), Hartshorn et al.
(1981), Conant et al. (1983).
In designing the data sets of environ­
mental parameters, and to standardize the
compilation of data from localities throughout
the country, we followed the geomorphologi­
cal classification proposed in OEA (1967),
which defines 20 bioregions, 27 subregions,
and 132 well defined zones in the Dominican
Republic. Under this hierarchical scheme,
mountain chains, deposition basins, and coas­
tal lowlands represent by themselves geo­
morphic regions with their own characteris­
tics. These regions were classified under the
four main physiographical divisions recogni­
zed for the Dominican Republic. Regions dis­
cussed will be restricted to those that are rele­
vant to localities where Solenodon is known
to be found (see Study Areas and Field
Surveys). Results of the habitat survey are
discussed in the following section, in clock­
wise direction, beginning with the northern
division of the country.
Study areas and Field Surveys
The Dominican Republic (Fig. I) sha­
res with Haiti the island of Hispaniola, the
second largest (77,914 km') of the Greater
Antilles. Occupying the eastern portion, the
Dominican Republic covers 48,442 km'
(approx. two-thirds of the total area of the
island), with 1,575 km of coastline and maxi­
mum distances of 390 krn east-west and
approximately 265 km north-south
(Hartshorn et aI., 1981). Despite its relatively
small extension, the physiographic comple­
xity of the Dominican Republic exhibits con­
siderable heterogeneity and variability in
local climatic regimes. This allows a variety
of life zones and plant communities to exist,
ranging from dry thorn scrub to mountain
pine forest. The country lies in the subtropical
hurricane belt, with geographical coordinates
1736' -1958' Nand 6819'-7201 ' W. Its insula­
rity and relative small area permit a strong
marine influence to control the general clima­
tic patterns. The subtropical environments
range from extreme aridity in the valleys and
coastal areas of the southwestern portion to
the pluvial forest in the mountains and the
lowlands of the northeast, an area exposed to
the northeast trade winds. Annual rainfall is
variable, ranging from 500 to 2700 mm, with
two regular rainy seasons (April-June and
September-November) and one dry season
(December-March). Average annual tempera­
ture at sea level is 25°C.
The topography of the Dominican
Republic is the highest of the Antilles. In mar­
ked contrast to the other West Indian islands,
much of its physiography is characterized by
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Figure 1. Relevant topographic features of the Dominican Republic. (Shown in inset location
of country).
Figura I. Trets topografics rellevants a la Republica Dominicana. A la casella es mostra la
localitzacio del pais.
alternating valleys and mountain ranges. The
general relief ranges from 35 m below sea
level in the Enriquillo Basin to 3087 m above
sea level in the Cordillera Central. The coas­
tline of the Dominican Republic varies from
sandy beaches to raised coral terraces with
undercut cliffs facing the sea, and to steep
mountainous slopes disappearing beneath the
water. Inland, the terrain varies from wide
nearly flat valleys to high rugged mountain
ranges. Mountain systems and valleys show a
marked parallelism as a result of strong faults
and dislocations, a reflection of the island's
complex geological history (Bowin, 1975;
Draper, 1994, 1996, 1997). Hispaniola is par­
ticularly intriguing geologically because of
four structural trends that converge upon it:
(I) the main axis of the Caribbean island arc;
(2) the southeastern part of the Bahamas; (3)
the swell (Nicaragua Rise) extending from
Central America to southwestern Hispaniola;
and (4) the Beata Ridge
Physiographically, the country is cha­
racterized by four major mountain ranges: (a)
the Cordillera Septentrional; (b) the
Cordillera Central, the Sierra de Yamasa, and
the Cordillera Oriental in the same axis; (c)
the Sierra de Bahoruco; and (d) the Sierra de
Neiba (Fig. I). These ranges lie in a more or
less parallel northwest-southeast trend. The
four mountain chain system is intercalated
with six main deposition basins and lowlands
of which three, the Caribbean Coastal Plain,
the South Peninsula of Barahona, and the
occidental portion of the Cibao Valley, are the
most important for this study.
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Northern division
This division comprises the north por­
tion of the country. Except for the Atlantic
Coastal Plain, Solenodon habitat is found in
the following regions of this division; the
Promontorio de Cabrera, the Cordillera
Septentrional, the Peninsula de Sarnana, and
in the Valle del Cibao.
A. Cordillera Septentrional (CS)
The northernmost Cordillera
Septentrional extends parallel to the Atlantic
coast from Montecristi to Nagua, approxima­
tely 200 km long and 40 km wide. Exposure
to northeasterly tradewinds for more than half
of the year causes abundant orographic rain­
fall over the north flank. The three highest
elevations in the Cordillera Septentrional are,
the central and eastern sections, Diego de
Ocampo (1253 m), Monte Aguacate (1098
rn), and Lorna Quita Espuela (942 m). Recent
specimens are known from Quita Espuela,
and reports were obtained from lower eleva­
tions (ca. 300 m) north of San Francisco de
Macoris. The geology of the Cordillera is cha­
racterized by tuffs and sedimentary rocks
slightly faulted and folded. Also present are
calcareous rocks, and some Miocene,
Oligocene, and Eocene shales. A remarkable
feature is represented by several highly eleva­
ted karst terraces in the central section, and
near the coast are at least two hills of perido­
tite partially serpentinized. Also present are
hills of rugged terrain formed by tuffs and cal­
careous rocks, with other volcanic and meta­
morphic rocks, mainly from the upper
Cretaceous. No significant blocks of undistur­
bed forest remain on this cordillera due to
widespread deforestation, although reduced
natural forest fragments persist in some areas.
B. Cibao Occidental Valley (COV)
The Cibao Occidental Valley (approx.
110 x 40 km), lies between the Cordillera
Septentrional and the Cordillera Central. It is
characterized by alluvial deposits and hilly
terrain with a slope average of 1.5 mil 00 m.
Solenodon distribution seems restricted to the
southern boundaries of the valley, an elonga-
ted rocky zone dominated by hills and plate­
aus. Actual localities are known from south of
the adjacent northern limits of the Cordillera
Central in high hills formed by limestone,
Miocene conglomerates, and schist. These
elevations range from 450 m near Moncion to
600 m around San Jose de las Matas, the best
known Solenodon areas in the region. There
are also historical records of animals captured
in the northwesternmost end of the valley, an
area of foothills southeast of Montecristi rea­
ching 300-400 m elevation, located between
upper Miocene rocks north of the Yaque del
Norte River, and the Cordillera Septentrional.
The geology of these hills consists of clay
schist, limestone, and Miocene conglomera­
tes.
C. Samana Peninsula (SP)
The Samaria Peninsula (62 x 14 km) is
an isolated low mountain range, separated
from the Cordillera Septentrional by the allu­
vial deposits of the Rio Yuna, and one of the
wettest areas in the country. Its western por­
tion consists primarily of a Miocene karst
limestone platform with maximum elevations
of ca. 200-300 m. A limestone and conglome­
rate mountain ridge with elevations of up to
500 m is found to the south of the platform.
The central part shows lower elevations con­
formed primarily by Cretaceous schists and
marble. The northeast and southeast portions
of Samana consist of Cretaceous mountains
of marble, that reach elevations of up to 564
m in the hill Laguna Salada. The lower parts
usually consist of coastal reef limestone.
D. Promontorio de Cabrera (CP)
The Promontorio de Cabrera is a region
of reef limestone characterized by somewhat
horizontal strata on karst terrain, with a maxi­
mum elevation of 409 m in Lorna de los
Cocos. It is rectangular-shaped with a total
area of 320 krn-.
Eastern division
The eastern portion of the country
includes the regions of Los Haitises, the
Habitat and ecology of the Hispaniolan Solenodon 129
Coastal Plain of Miches and Saban a de la
Mar, the Cordillera Oriental or Sierra del
Seibo, Pie de Monte de la Cordillera Oriental,
and the Caribbean Coastal Plain. Relative to
the other major divisions, a larger number of
Solenodon localities were detected in the eas­
tern Dominican Republic, suggesting a more
continuous distribution. This spatial pattern is
more obvious throughout Los Haitises, Sierra
del Seibo, and Pie de Monte de la Cordillera
Oriental, which appear separated, although
not necessarily isolated, from known existing
populations in the Boca de Yuma area.
Specimen samples per locality are compara­
ble, ranging from 1 to 4 individuals, and
reflect casual collecting.
E. Los Haitises (LH)
Los Haitises is the most striking geolo­
gical region of the country due to its extensi­
ve karst topography (1600 km') of more than
80 km long. Differential weathering of
Oligocene-Miocene limestone have produced
the characteristic "cockpit" or Kegelkarst
(cone karst) limestone. Maximum elevations
are usually from 200 m to 250 m. For the
most part, the physiographic structure of the
region consists in mature tropical karst, alt­
hough some lowlands showing advanced
karstic erosion can be found in its periphery.
In addition to the specimens known from this
region, fresh tracks have been found in seve­
rallocalities. The species is well known to the
peasants living in the area, and their reports
are numerous and consistent.
F. Coastal Plain of Miches and Sabana de la
Mar (CPM)
The lowlands of the Coastal Plain of
Miches and Sabana de la Mar are primarily
lacustrine deposits of non-calcareous clay,
including lagoons and marshes. The only
records of solenodons in this region have
come from areas southeast of Nisibon, which
are characterized by coastal reef limestone
and apparently more related geologically to
Sierra del Seibo. Peasants and farm owners
have reported, over a period of time, a num­
ber of animals captured during clear-cutting
of the stony forest found at the ecotone of
these two habitats.
G. Sierra del Seibo (SS)
Also known as Cordillera Oriental, the
Sierra del Seibo (approx. 80 km) is found at
the east end of the island. Its geology is cha­
racterized by folded and faulted volcanic
tuffs, and by other volcanic rocks and limes­
tone, presumably of upper Cretaceous age. Its
maximum elevation reaches 879 m. To the
east of the mountain ridge the formation is
primarily composed of tuffs and other volca­
nic elements, the west portion of tuffs and
limestone, and a third, smaller zone formed
mainly by limestone. Some areas of serpenti­
ne are present east of El Seibo.
H. Pie de Monte de la Sierra del Seibo
(PMSS)
This region extends along the south slo­
pes of Sierra del Seibo for approximately 80
km, and varies from 8 km to 24 km wide. It
presents a hilly terrain formed by volcanic
tuffs in the higher parts, and some alluvial
gravel with emerging tuffs in the valleys.
Solenodon populations are found in several
hills around the El Seibo area.
I. Caribbean Coastal Plain (CCP)
This region extends for approximately
240 km across seven different provinces
along the southern coast of the country.
Solenodon localities, however, are only
known from La Altagracia Province in the
easternmost portion of this region. The eleva­
tion gradient ranges from sea level to 70- I 00
m in its northern boundaries. At San Rafael de
Yuma, the elevation is approximately 54 m.
For the most part it is characterized by a series
of terraces formed by coastal reef limestone
and varies in width from 10m to 40 m.
Solenodon habitat remains within the limits of
the Parque Nacional del Este, which includes
within its boundaries the only undisturbed
natural forest of this region.
Central division
This division comprises the massif of
the Cordillera Central, its prolongation in the
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Sierra de Yamasa, and the intramontane
valleys of the Cordillera Central. The domi­
nant feature of this division is its imposing
and extensive topography, the highest in the
Antilles.
J. Cordillera Central (CC)
The Cordillera Central is the cardinal
mountainous system of the Dominican
Republic and the whole of Hispaniola, occup­
ying a significant superficial extension on
central portion of the island. In addition to the
Pico Duarte, the highest elevation in the West
Indies (3087m), two additional peaks exceed
3000 m, and 22 others have altitudes over
2000 m. The geology of this mountain range
is very complex. Solenodon is presumably
present in many areas and there are a number
of reports of solenodons in the range. Survey
coverage was conservative, and most reports
still await verification. The fact that only four
recent specimens have been detected from the
whole region is somewhat unexpected, and
extensive surveys are required to locate pre­
sumed persisting populations. A number of
recent Solenodon sites are known from the
region. Two of these are of concern to this
study. The area of EI Mogote is characterized
by plutonic igneous rocks, including peridoti­
te partially serpentinized. In the lower slopes
of Monte Nalga de Maco and foothills near
Rio Limpio the dominant structure is repre­
sented by volcanic rocks and a metamorphic
base. We examined photographs of two addi­
tional specimens recently taken in the
Cordillera Central between Bonao and La
Vega, but since the precise location was not
available, it is not included in the analysis.
Historically, a large number of specimens ori­
ginated from the mountains surrounding the
La Vega valley area. At present, the valley
represents the region of major agricultural
development in the country; however, obser­
vations made during aerial surveys suggest
the possibility that small populations of
Solenodon might still survive in isolated pat­
ches of forest scattered around La Vega.
K. Intramontane Valleys of the Cordillera
Central (IVCC)
Four major valleys, Bonao, Altagracia,
Constanza, and Jarabacoa, are confined to th.:
elevations of the Cordillera Central. Of these,
Jarabacoa (529 m) and Constanza (1190 m),
are high mountain valleys. Jarabacoa is of
structural, probable faulted origin, filled by
deposition and alluvials, while Bonao and
Villa Altagracia resulted from rapid erosion
of the grano-diorite. In both, the soils are allu­
vial, with low hills of highly meteorized
grano-diorite. There are historical records,
including specimens, of the existence of
Solenodon in the vicinity of the valleys. The
natural forests of the slopes surrounding the
valleys have been pointed out as the source of
historical and recent Solenodon reports. No
specimens are known to have originated from
any of the valleys in recent years. The closest
record being the specimen from EI Mogote
(Cordillera Central region), an elevation bet­
ween La Vega and Jarabocoa.
L. Sierra de Yamasa (SY)
The Sierra de Yamasa is formed in its
highest elevation (ca. 800 m) by volcanic
rocks with some diorite, whereas its lower
areas are characterized by faulted calcareous
rocks with small areas of karst. The hills of
this mountain range, which appear as a nort­
heastern extension of the Cordillera Central,
were inhabited by Solenodon in the past, but
no recent records were obtained from this
region. The Sierra represents the most impor­
tant mining region of the country. Its topo­
graphy and natural vegetation have undergo­
ne considerable modifications after decades
of extensive open mining operations for ferro­
nickel and gold.
Southwest Division
This division includes four major
regions, the San Juan Valley and the Sierra de
Neiba located north of the Valle de Neiba-Cul
de Sac depression (north island), and south of
the same depression, the Sierra de Bahoruco
and the South Peninsula of Barahona (south
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Figure 2. Historical records of Solenodon in the Dominican Republic (open circles with num­
bers - locality name and/or nearest approximation of record and source are given for each site).
Key: 1= EI Cajon (Allen, 1908); 2= La Honda (Allen, 1908); 3= near Sosua (Bridges, 1936);
4= Railroad cave, south coast of Samaria Bay (Miller 1929; indian kitchen middens); 5= Rio
Naranjo Abajo, south coast of Samana Bay (Miller 1929; indian kitchen middens); 6= Rio San
Juan, Samana Peninsula (Miller 1929; indian kitchen middens); 7= "foothills southeast of
Montecristi (Miller 1929; indian kitchen middens); 8= La Cuesta [=Jaiqui Picado], between San
Jose de Las Matas and Santiago (Mohr, 1936-38); 9= "neighborhood of Sabana de la Mar
(Mohr, 1936-38); 10= "area of EI Seibo" (Mohr, 1936-38); II = "surroundings of Barahona"
(Mohr, 1936-38); 12= Moca, Provo Espaillat (Mohr, 1936-38); 13= Yasica, Provo Puerto Plata
(Mohr, 1936-38); 14= "southwest Sabana, Santiago area" (Wislocki, 1940); 15= "near la Vega"
(Allen, 1942); 16= "foothills near Bonao" (E. de los Santos, J.M. Moronta, and other local
collectors, pers. comm.); 17= "foothills near Villa Altagracia" (E. de los Santos, J.M. Moronta,
and other local collectors, pers. comm.); 18= Rancho La Guardia, Hondo Valle (Patterson, 1962;
fossil record, type locality for the extinct S. marcanoi). Major cities and towns in the proximity
of historical records are indicated by solid circles. Key: A= Montecristi, B= Puerto Plata, C=
Sosua, D= Santiago, E= San Jose de las Matas, F= Moca, G= La Vega, H= Bonao, i= Villa
Altagracia, J= Samana, K= Sabana de ia Mar, L= Hato Mayor, M= EI Seibo, N= EI Cercado,
0= Barahona.
Figure 2. Registres histories de Solenodon a la Republica Dominicana (cercles oberts amb
nombres - per a cada indret es donen el noms de locaclitat i/o aproximacio mes propera del
registre i la seva font). Clau: 1= EI Cajon (Allen, 1908); 2= La Honda (Allen, 1908); 3= aprop
de Sosua (Bridges, 1936); 4= Cova a la carretera, costa sud de la Badia de Samand (Miller.
1929;femers d'indis); 5= Rio Naranjo, Abajo, costa sud de la Badia de Samana (Miller. 1929;
femers d'indis); 6= Rio Sanjuan, Samana Peninsula (Miller. 1929;femers d'indis); 7= coster
de colina al sudest de Montecristi (Miller. 1929; femers d'indis); 8= La Cuesta [= Jaiqui
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Picadoj, sentre San Jose de Las Matas i Santiago (Mohr. 1936-38); 9= proximitats de Sabana
de la Mar (Mohr. 1936-38); 10= area de EI Seibo (Mohr. 1936-38); 1/= voltants de Barahona
(Mohr. 1936-38); 12= Moca, provo Espaillat (Mohr. 1936-38); /3= Yasica, Prov. Puerto Plata
(Mohr. 1936-38); 14= sudoest de Sabana, area de Santiago (Wislocki, 1940). 15= aprop de La
Vega (Allen, 1942); 16= coster de colina aprop de Bonao (E. de los Santos, J.M. Moronta, i
altres recol·lectors locals, com. pers.); 17= coster de colina aprop de Villa Altagracia (E. de los
Santos, J.M. Moronta, i altres recol·lectors locals, com. pers.); 18= Rancho La Guardia, Hondo
Valle (Patterson, 1962; registre fossil, localitat tipica de I 'extint S. marcanoi). Les ciutats prin­
cipals properes als registres histories s 'indiquen amb eercles solids. Clau: A= Montecristi, B=
Puerto Plata, C= Sosua, D= Santiago, E= San Jose de Las Matas, F= Moca, G= La Vega, H=
Bonao, 1= Villa Altagracia, J= Samana, K= Sabana de la Mar. L= Hato Mayor. M= EI Seibo,
N= EI Cercado, 0= Barahona.
island). Probably because of their remoteness,
the latter two might support some of the few
remammg undisturbed populations of
Solenodon in Hispaniola. However, it should
be noted that these two regions have been
more intensively surveyed.
M. San Juan Valley (SJV)
The San Juan Valley lies between the
Cordillera Central and the Sierra de Neiba.
Physiographically, it is similar to the Cibao
Valley and has an extension of approximately
100 x 200 km. The bottom of the valley is
found, in general, at 400-450 m. Volcanic
structures and some limestone are found in
slopes north of Las Matas de Farfan.
Although actual specimens were not. exami­
ned, consistent reports suggest the existence
of small populations in the foothills of the
Cordillera Central north of Las Matas de
Farfan.
N. Sierra de Neiba (SN)
This region includes some peaks over
2,000 m of elevation. The geology of Hondo
Valle, Lorna El Hoyazo, and Angel Feliz is
characterized by volcanic basaltic flow, sedi­
mentary rocks, and limestone. Shifting agri­
culture for annual crops and massive replace­
ment of the natural forest for plantations (cof­
fee), has resulted in widespread environmen­
tal degradation of the region. This mountain
range includes the type locality of the extinct
Hispaniolan solenodontid Solenodon marca­
noi (Patterson 1962). More frequent reports
come from the north slopes of the range. We
obtained fewer reports on the opposite side,
where Solenodon appears to occur associated
with remote patches of forest near the ridges.
O. Sierra de Bahoruco (SB)
The Sierra de Bahoruco (approx. 70 x
40 km) is a prominent mountain range, which
continues in Haiti as the Massif de La Selle.
Three peaks exceed elevations of2000 m. It is
characterized by an irregular geomorphology,
with numerous blocks of faults on the north
flank and wide marine terraces bordering the
Caribbean coast. An ancient fossil lake is
located in the elevations of the range, which is
primarily formed by folded and faulted
Eocene limestone. The underlying parent
material in Solenodon localities is dominated
by limestone with some sedimentary rocks.
The species seem well distributed, though
scattered, throughout the mountain range
where favorable conditions exist, and particu­
larly associated with patches of dense vegeta­
tion.
P. South Peninsula of Barahona (SPB)
The South Peninsula of Barahona is
essentially a region of coastal reef limestone,
formed between the Oligocene and Miocene,





Figure 3. Geographic coverage of Solenodon localities sampled in the habitat analysis, indica­
ting localities from where recent specimens were known and examined (solid circles - numbers
refer to locality names listed in Table 5), localities with confirmed reports of existing popula­
tions at the time of the study (open circles), and localities where fresh tracks and other eviden­
ce were recorded (solid triangles). Major cities and towns in the vicinity or general area of
study sites (open squares): A= Restauracion, B= Moncion, C= San Jose de las Matas, D=
Santiago, E= Jarabaoca, F= La Vega, G= Rio San Juan, H= Samana, 1= Bayaguana, J= Hato
Mayor, K= EI Seibo, L= Miches, M= Nisibon, N= Higuey, 0= San Rafael de Yuma, P= Cabral,
Q= Polo, R= Oviedo, S= Pedemales.
Figura 3. Situacio geografica de les localitats de Solenodon mostrejades en l'analisi habitats,
indicant les localitats d 'on es coneixen is 'han examinat especimens recents (cercles solids - els
nombres es refereixen als noms de localitats llistats a la Taula 5), localitats amb registres con­
jirmats de poblacions vivents en el temps d 'aquest estudi (cercles buits) i localitats on s 'han
registrat traces recents i altres evidencies (triangles solids). Ciutats i pobles principals en la
proximitat 0 area general dels indrets d 'estudi (quadrats buits): A = Restauracion, B= Moncion,
C= San Jose de las Matas, D= Santiago, E= Jarabaoca, F= La Vega, G= Rio San Juan, H=
Samana, /= Bayaguana, J= Hato Mayor. K= EI Seibo, L= Miches, M= Nisibon, N= Higuey,
0= San Rafael de Yuma, P= Cabral, Q= Polo, R= Oviedo, S= Pedernales.
characterized by a series of terraces shaped by
the waves. An elongated band of low coastal
reef limestone extends along most of the eas­
tern coast of the Peninsula east of Oviedo.
Solenodon sites appear more concentrated in
areas of low hills and plateaux, with a maxi­
mum elevation of 200 m. These characteris­
tics describe the dominant topography of the
Peninsula, extending south and west of
Oviedo.
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Table 1. Solenodon distribution in Dominican Republic: number of localities visited and speci­
mens examined per region.
Taula 1. Distribucio de Solenodon a fa Republica Dominicana: nombres de localitats visitades
i especimens examinats per regia.
Major geographical division Region No. of No.of Other
Geomorphologivcal region code Localities Specimens evidence
NORTH
A. Cordillera Septentrional CS 2 R
B. Cibao Occidental Valley COV 3 29 R!f
C. Samana Peninsula SP 3 R!f
D. Cabrera Promontory CP 5 6 R!f
EAST
E. Los Haitises LH 4 3 R!f
F. Coastal Plain of Miches CPM R
G. Sierra del Seibo SS 6 15 R!f
H. Pie de Monte de la Sierra del Seibo PMSS 3 3 R
I. Caribbean Coastal Plain CCP 4 4 R!f
CENTRAL
J. Cordillera Central CC 3 2 T/R
K. Intramontane Valleys Cordillera Central IVCC R
L. Sierra de Yamasa SY R
SOUTHWEST
M. San Juan Valley SN R
N. Sierra de Neiba SN RIT
O. Sierra de Bahoruco SB 13 16 R!f
P. South Peninsula of Barahona SPB 4 18 RIT
Other evidence: R -reports, T -tracks
Results
Field surveys results and geographic
coverage of sites sampled for habitat analysis
are presented both for historical (Fig. 2) and
for recent records (Fig. 3). Historical records,
all but two general areas identified through
interviews with old collectors during our sur­
veys, were obtained from published reports.
With few exceptions, these records were not
useful for habitat evaluations because of the
lack of precision concerning the location of
sites. In addition, kitchen middens and cave
fossil material were also among these records,
which might possibly involve transportation
of specimens as food by Indians and owls.
Therefore, historical sites were not included
in habitat assessments. A total sample of 53
specific sites, supported by irrefutable eviden­
ce of recently extant populations (specimens
examined, tracks recorded, and/or reliable
reports), were investigated in habitat analysis.
The number of sample sites for each environ­
mental parameter weighed varied with data
availability.
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Figure 4. Biogeographic and physiographic regions relevant to Solenodon distribution in the
Dominican Republic. Key: COV= Cibao Occidental Valley; CS= Cordillera Septentrional; CP=
Cabrera Promontory; SP= Samami Peninsula; LH= Los Haitises; CPM= Coastal Plain of
Miches and Sabana de la Mar; SS= Sierra del Seibo; PMSS= Pie de Monte de Sierra del Seibo;
CCP= Caribbean Coastal Plain; CC= Cordillera Central; IVCC= Intramontane Valleys of the
Cordillera Central; SY= Sierra de Yamasa; SJV= San Juan Valley; SN= Sierra de Neiba; SMG=
Sierra Martin Garcia; SB= Sierra de Bahoruco; SPB= South Peninsula of Barahona.
Figure 4. Regions biogeografiques ifisiografiques rellevants per a fa distribucio de Solenodon
a la Republica Dominicana. Clau: COV= Cibao Occidental Valley; CS= Cordillera
Septentrional; CP= Promontori de Cabrera; SP= Peninsula de Samana; LH= Los Haitises;
CPM= Plana Costanera de Miches i Sabana de la Mar; SS= Serra del Seibo; PMSS= Raiguer
de la Serra del Seibo; CCP= Plana Costanera del Carib; CC= Serralada Central; IVCC=
Valls intramuntanes de la Serralada Central; SY= Serra de Yamasa; SJV= Vall de San Juan;
SN= Serra de Neiba; SMG= Serra Martin Garcia; SB= Serra de Bahoruco; SPB= Peninsula
meridional de Barahona.
Geomorphology and Geology
The distributional range of the
Hispaniolan Solenodon appears to be consis­
tently associated with particular geomorpho­
logical features. Landform, soil parent mate­
rial, subsurface structure, topography, soil
associations, climatic patterns, and life zones
all influence the distribution of Solenodon.
Geomorphological regions found supporting
Solenodon populations and habitat are indica-
ted in Figure 4. The distribution of locations,
specimen samples, and reports within each
physiographic region is shown in Table I.
Geological characteristics of Solenodon habi­
tats are summarized in Table 2 (sample of
localitites from where specimens are known)
and Table 3 (sample of localities from where
tracks and confirmed reports of the animal
were recorded).
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Table 2. Geologic features in a sample of Solenodon localities (specimen-supported data)






Limestone, metamorphic volcanic rocks
Acid metamorphic rocks, limestone
Karstic limestone (UT)
Undifferentiated limestone (C), and volcanic rocks
Volcanic tuffs (C), and serpentine
Rocks (Q), coastal reef limestone, gradual inland
transition to clastic deposits
Plutonic igneous rocks, peridotite partially serpentinized
Volcanic rocks, metamorphic base
Sedimentary rocks and limestone (LT)
Undifferentiated limestone (UT)





























Sources: a - Bowin (1975), OEA (1967). Geologic structure: C - Cretaceous, E - Eocene, Q - Quaternary, T - Tertiary, L­
. Lower, U - Upper. Geomorphic region: same as Table I.
Elevation
General topographic features for all
physiographical regions relevant to the histo­
rical or recent distribution of Solenodon are
presented in Table 4. Of all 14 regions, only
five have maximum elevations over 1000 m,
and recent specimens have been obtained in
only two. The maximum elevation among the
nine remaining regions is 879 m. Recent spe­
cimens are known from at least eleven of
these regions. Data from 27 site-specific loca­
lities from where specimens have originated
(Table 5), indicate an estimated average ele­
vation of 271.8 m with a range of 20-800 m.
The elevation sample data suggests that the
majority of known Solenodon populations
occur at moderate elevations. This might be
related both to the fact that surveys were con-
ducted more frequently below 1000 m, and by
the massive human intervention of the natural
habitats at mid-elevations, which are more
favorable for agriculture. The single most
important source of known recent Solenodon
specimens are of animals that were found
dead (killed by dogs or peasants) or alive in
the proximity of human settlements. Chances
are indeed much higher for the secretive
Solenodon to be detected, identified and even
kept, near human habitation by people aware
of the rarity of the animal. Although no speci­
mens from higher elevations were examined,
we obtained reliable reports of the presence of
solenodons up to 1500 m, and according to
some informants, their vertical range might
reach 2000 m (Table 6). The lowest elevation
at a particular locality was 5 m.
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Table 3. Geologic features of Solenodon localities (based on reliable reports and tracks)









Coastal reef limestone (Q)
Volcanic rock, metamorphic base
Volcanic basaltic flow
Sedimentary rocks and limestone (LT)
Undifferentiated limestone (T)
























Sources: a - Bowin (1975), OEA (1967). Geologic structure: C - Cretaceous, E - Eocene, Q - Quaternary, T - Tertiary, L­
Lower, U - Upper. Geomorphic region: same as Table I.
Table 4. Topographic features of major physiographical regions.
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Table 5. Localities from where Solenodon specimens examined in the study have been obtai-
ned, indicating elevation of collecting site and number of specimens salvaged.
Taula 5. Localitats d 'on procedeixen especimens de Solenodon. S'indica I 'altitud de l'indret de
recolleccio i el nombre d 'especimens obtinguts.
Site Estimated Number of
Number Region and locality elevation (m) specimens
on map
CIBAO OCCIDENTAL VALLEY (COV)
I Lorna el Cacique, Moncion 330 I
2 Arroyo de Agua, Moncion 360 4
3 Jaiqui Picado, S.J. Matas 520 24
LOS HAITISES (LH)
4 5 km S Guaraguao 130
5 Hidalgo, Bayaguana 250
6 Monte Bonito, EI Valle 361
SIERRA DEL SEIBO(SS)
7 Lorna EI Cabao, EI Cabao 100 I
8 Guamira, Hato Mayor 190 2
9 Manchado, Hato Mayor 190 4
10 near head Rio La Piedra, 13 km S. Miches 150-300 4
II La Cibita, Nisibon 100 I
12 Las Canas, Nisibon :;;100 3
PIE DE MONTE DE SIERRA DEL SEIBO (PMSS)
13 Magarin, EI Seibo 150
14 Candelaria, EI Seibo �IOO
15 Monte near EI Seibo
CARIBBEAN COASTAL PLAIN (CCP)
16 San Rafael de Yuma 70
17 Boca de Yuma 60
18 near Punta Caleton Hondo 20
CORDILLERA CENTRAL (CC)
19 EI Mogote, La Vega 575
20 Pico Nalga de Maco, Rio Limpio �800
SIERRA DE BAORUCO (SB)
21 Los Naranjos, 4 km SO Cabral 400
22 Las Cruces - Aguacate 700
23 Mencia, Pedemales 500 5
24 Azucena - Avila, Pedemales 300-420 6
25 Las Mercedes, Cabo Rojo 420 3
SOUTH PENINSULA OF BARAHONA (SPB)
26 Fondos de Ansamona, Oviedo �IOO
27 La Plena, Oviedo 160 4
28 Bucan de Tui-Bucan Isidro 60-80 13
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Table 6. Frequency distribution of collected specimens and collecting localities by elevation
range.
Taula 6. Freqiiencia de distribucio dels especimens recollectats i de les localitats de recollec­
cio segons l 'altitud.
Number of localities
Elevation Speciments With Other
range (m) collected specimens evidence
<100 16 4 *
100-200 18 10 *
200-300 7 2 *
300-400 10 4 *
400-500 5 2 *







Table 7. Soil taxonomy in Solenodon localities analized
Taula 7. Taxonomia dels sols ales localitats amb Solenodon analitzades.
ORDER No. of localities
Soil subgroup (a) Symbol Total Spec Other
INCEPTISOLS Lithic Eutropets ITEg KlLS 6 3 3
Lithic Eutropets ITEs M/LSS 6 2 4
Lithic Ustropepts lTUa RH/LSS 5 3 2
Lithic Ustropepts lTUs RHIT 4 4
Lithic Dystropepts lTYfSIT 4 3
Lithic Ustropepts lTUs M/LSS 3 2
Lithic Dystropepts ITYs MlRB 2
Lithic Dystropepts ITYs SIRB
Lithic Eutropepts lTEs RH/LSS
ENTlSOLS Skeletal Lithic
Torriorthents EOHck URILS 7 5 2
Lithic Udorthents EOUdk URILS 4 3
ULTISOLS Typic Tropudults UDTa RHIT-ITYfSIT 2 2
VERTISOLS Typic VUPa ULS
Pellusterts
ARIDISOLS Typic Camborthids DOAa RH/LSS
Sources: a - CRIES (1977), USDA (1975).
































































































































































Sources:CRIES (1967) DEA (1967), Bowin (1975). Soil Subgroup: symbols as in Table 7. Location: No.- number oflocalities, GR,
- geomorphic Region, same
asinTables3, 4, and 5. Soil parent material: (C) calcareous rocks; (LS) limestone; (SE) serpentine; (Sd) sandstone; (Sh) shale; (St) schist; (Si) sedimentary
rocks;(RB);mixed acid and basic igneus and metamorphic rocks; (T) tuff; (TV) volcanic tuff. b - marble east and north of Samana, also some serpentine; c
-
withlesserarmounts of calcareous sandstone and shale, shist and tuff; d - minor areas of serpentine near Bonao and Cabrera; * - dominant structure. Soil tex­
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Table 9. Available temperature and precipitation data in the proximity of Solenodon areas.
Taula 9. Dades disponibles de temperatura i precipitacio ales proximitats de les arees amb
Solenodon.
Temperature ("C)" Rainfall (mm)"
Annual average Absolute Annual total rainfall
Elevation Years Rain
Location (m) of Mean Max Min Max Min Mean Max Min days!
data year
Hondo valle 890 18 21.2 29.1 13.5 35.0 0.0 2,299.2 4,241.6 1,166.4 147.5
EI Cercado 732 22 21.6 27.5 15.8 37.2 6.0 1,069.0 1,603.9 782.0 84.3
Polo 703 27 23.1 30.3 16.0 40.0 5.0 2,269.2 4,241.6 1,166.4 147.5
Restauracion 594 30 25.1 31.7 18.7 39.5 7.2 1,890.2 4,469.2 715.9 94.9
Jarabacoa 529 9 22.0 27.8 16.3 36.0 7.0 1,466.1 2,217.3 877.4 132.4
S. J. Matas 523 9 24.1 30.3 18.5 38.8 18.8 1,253.4 1,928.7 750.2 104.1
Moncion 366 39 23.8 29.8 17.8 40.0 8.0 1,268.1 2,026.8 752.9 93.1
EI Seibo 107 9 26.7 32.8 20.6 40.6 11.5 1,307.7 1,944.2 647.0 120.6
Higuey 106 8 26.3 30.3 22.3 39.0 13.0 1,328.9 1,877.0 704.1 128.0
Hato Mayor 102 21 26.7 32.8 20.5 39.0 10.4 1,542.0 2,118.6 990.4 97.0
La Vega 100 39 26.3 31.1 21.5 40.5 12.0 1,457.4 2,625.8 728.6 108.3
S.R.Yuma 54 12 27.1 32.3 21.8 38.5 14.0 1,344.3 2,015.3 769.6 152.3
Sarnana 7 38 26.5 31.0 21.9 39.2 12.0 2,249.8 171.7
R. S. Juan 4 21 26.3 38.8 21.8 38.4 15.0 1,684.5 2,355.0 830.7 145.2
Oviedo 3 5 25.4 29.6 21.2 38.8 13.8 855.1 1,040.0 597.1 72.4
Mean 24.8 31.0 19.2 38.7 9.6 1,520.8 2,388.5 796.1 117.1
Source: Reyna y Paulet (1979)
Soils
The Dominican Republic has a great
variety of soils. CRIES (1979) has identified
37 soil units, using USDA (Soil Survey Staff,
1975) soil taxonomy denominations. We
found 14 soil units or subgroups (Table 7)
represented in a sample of47 Solenodon loca­
lities (29 with known specimens, plus 18
additional sites based on reports and/or
tracks). At the order level, soils from 32 loca­
lities and 64.3 percent of all soil subgroups
proved to be lnceptisols. Other soil orders
represented are, in order of importance,
Entisols. Ultisols, Vertisols, and Aridisols. A
data set matrix scrutinizing the 47 localities
sampled in relation to soil types, properties,
and features is presented in Table 8.
Limestone was the dominant underl­
ying soil parent material in nine (65%) of the
14 subgroups identified. The slope of the
terrain is predominantly steep, averaging 25.1
percent, with a range varying from 3 percent
in the coastal plain to > 1 00 percent (very
steep) in high mountain ranges. Soil depth is
consistently shallow, with bedrock close to
the surface. Average depth was 0.35 m, with a
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Table 10. Frequency distribution of Solenodon localities sampled according to life zones.
Taula 10. Distribucio de frequencies de les localitats amb Solenodon mostrejades segons les
zones vitals.
Life zone












Total percent 7.1 14.3 40.5 2.4 28.6 2.4 4.8
Region: Region names as in Table I. Life zones: SDF - Subtropical dry forest; DIM - Transition between
Subtropical dry to moist forest; SMF - Subtropical wet forest; MIW - Transition between Subtropical
moist to wet forest; SWF - Subtropical wet forest; SLMMF - Subtropical lower montane moist forest;
SLMWF - Subtropical lower montane dry forest.
range of 0.1 to 1.0 m. Notably, II (78%) soil
units fall among the lithic (truncated by hard
rock, shallow, or intermittent between rock
outcrops) subgroups. It is obvious in the field
how bare rocks are frequently exposed for
extensive areas on the surface, and the soil is
usually accumulated in solution holes of var­
ying depths. The texture of the soil is almost
invariably moderately fine and in a few cases
fine. With the exception of two subgroups,
involving seven localities, stoniness was the
rule, and coarse fragments were extremely
stony in some localities. Permeability is low
to moderately slow. The reaction of the soils
ranged through varying degrees of acidity and
alkalinity, while all soil units are invariable
non-saline. The available water capacity is
predominately low or very low. Because of
the steep topography, rainfall runoff in
Solenodon areas is fairly rapid and flooding
risk is low in all sites analyzed. With the
exception of one subgroup, all soils are consi­
dered well to excessively drain.
Temperature
.
Data from 15 selected meteorological
stations, the closest in each area to Solenodon
localities, are shown in Table 9. Elevation of
these stations ranged from 3 to 890 m. Annual
average mean recorded temperature varied
from 21.2°C at 890 m to 27.1 °C at 54 m, with
a total mean of24.8 °C. Annual average maxi­
mum ranged from 27.5°C to 38.8°C, with a
mean temperature for all stations of 31.0°C.
The mean of the minimum annual averages in
these localities is 19.2°C, with the lowest in
Hondo Valle (13.5°C) and the highest in
Higiiey (27.3°C). An absolute maximum of
40.6°C has been recorded in EI Seibo, with a
mean of 38.7°C for all stations. Absolute







Figure 5. Representative sample of forest types in selected Solenodon areas. Key: DF= dry
forest (Jaiqui Picado, San Jose de las Matas); BF= Bursera forest (Oviedo, Pedernales); TMF=
transitional moist forest (Boca de Yuma, Altagracia Prov.); LWBF= Wet broad leaf forest at low
elevation (Los Haitises); BF= broad leaf forest formations along an elevational gradient (Sierra
de Bahoruco).
Figura 5. Mostra representativa de tipus de boses a arees seleecionades amb Solenodon. Clau:
DF= Bose sec (Jaiqui Picado, San Jose de Las Matas); BF= Bose de Bursera (Oviedo,
Pedernales); TMF= Bose transieional humid (Boca de Yuma, Provo Altagraeia); LWBF= Bose
humid defulla ampla a baixes altituds (Los Haitises); BF= Formacions boseoses defulla ampla
aillarg d'un gradient altitudinal (Sierra de Bahorueo).
mrmmum temperatures varied from zero
degrees in Hondo Valle (890 m) to l8.8°C in
San Jose de las Matas (523 m), with a mean of
9.6°C.
Precipitation
Rainfall follows a predictable pattern in
most localities analyzed (Table 9). Mean
annual precipitation records from 15 stations
ranged from 2349.8 nun in Samana (5 m ele­
vation on the northeast coast) to 855.1 nun in
Oviedo (3 m elevation on the southwestern
coast), with a total mean of 1520.8 nun.
Maximum and minimum annual rainfall
records for the localities are respectively
4469.2 mm in Restauraci6n at 594 m (records
from Samana are not available, but are pro­
bably higher) and 597.1 mm in Oviedo.
Average maximum and minimum annual total
rainfall in these stations are 2388.5 nun and
796.1 nun respectively. The number of days
with rain per year fluctuated from 171 to 72.4
days. Sarnana is the area with most frequent
precipitation, while Oviedo has the lowest
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Table 11. Frequency of dominant vegetational formations in Solenodon localities sampled (n=
25).





2 Mixed pine-broad leaf
7 Broadleaf, mild-elevation (500-900 m)
10 Broadleaf, lower elevation (0-500 m)
4 Bursera forest
2 Dry forest
periodicity. The mean number of rainy days
per year in these local ities is about 117.1
days, and only four areas have less than 100
days with rainfall annually: Restauracion
(94.9), Hato Mayor (97), Moncion (93.1), and
Oviedo (72.4).
The clinal distribution of Solenodon in
Sierra de Bahoruco, across a gradient from
Pedemales at the base of the south slopes and
Duverge on the north side and at the edge of
the desertic Valley of Nieba, appears to be
closely associated with the amount of annual
rainfall. The isohyet of 750 mm is below the
lowest elevation (195 m) at which any speci­
men of Solenodon has been captured on the
south slope of Sierra de Bahoruco. At higher
elevations, particularly in mountain ridges
above 1500 m, the habitat quality decreases
(i.e. extremely shallow soils and extreme
humidity and temperature), and the cost of
survival probably becomes increasingly
expensive. On the north slope of Bahoruco,
the specimen obtained at the lowest elevation
(about 700 m) was found between Aguacate
and Puerto Escondido, again above the 750-
mm isohyet. In general, the rainfall regime of
most Solenodon areas is between 1000 mm
and 2000 mm with the exception of the loca­
lities in the South Peninsula of Barahona,
(under 1000 mm).
Life zones
Populations of Hispaniolan solenodon
were found utilizing at least five different life
zones regions (Table 10), from subtropical
dry forest to subtropical lower montane wet
forest. About 86 percent of the localities is in
transitional moist forest (14.3%), subtropical
moist forest (40.5%) and subtropical wet
forest (28.6%).
Subtropical dry Jorest. This is the
second most extensive life zone in the
Dominican Republic occurring up to 800 min
elevation and corresponds with the distribu­
tion of Solenodon in the Cibao Occidental
Valley. Total annual rainfall is about 500-
1000 mrn. Characteristic species of this life
zone are Acacia, Guaiacum, Prosopis,
Bursera, Phyllostillon, Plumeria, Sabal, and
Swietenia. Two of the Solenodon areas inclu­
ded in this study, Boca de Yuma in the
Caribbean Coastal Plain, and the block of
forest south of Oviedo in the South Peninsula
of Barahona, are found in large transitional
extensions of subtropical dry to moist forest.
Small transitional areas of subtropical moist
forest occur also on the lower foothills of the
Sierra de Bahoruco due to orographic rainfall
and slightly cooler temperatures.
Subtropical moist forest, This life zone
covers almost half of the country, including
areas in the Caribbean Coastal Plain, foothills
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of the Cordillera Central below 850 m, and on
the low foothills of the Sierra de Bahoruco.
Rainfall (mean annual of 1000-2000 mm)
generally occurs in two peaks over a 9-month
period. The natural vegetation is a well-deve­
loped heterogeneous broad leaf forest. Since
this life zone is the most suitable for agricul­
ture, including many of the best soils, its
extent has been drastically reduced by clea­
ring.
Subtropical wet forest. The subtropical
wet forest characterizes many of the
Solenodon localities, particularly in Sierra del
Seibo, Samana Peninsula, Los Haitises, and
the Cordillera Central. The mean annual rain­
fall is about 2000-4000 mm. The natural
vegetation in this life zone is a heterogeneous
multispatial forest usually dominated by bro­
adleaftree species. Pine is dominant on lateri­
tic soils.
Subtropical lower montane moist
forest. Solenodon localities in this life zone
occur at least in Sierra de Bahoruco. Mean
annual rainfall is between 1000 mm and 2000
mrn, and elevation is usually above 800 m.
The natural vegetation is primarily an open
pine forest of the only native species, Pinus
occidentalis.
Subtropical lower montane wet forest.
This forest is found in Solenodon localities of
mid-elevations (>850 m) of the Cordillera
Central and Sierra de Bahoruco. The natural
vegetation of this life zone is characterized by
a complex mixture of broad leaf and pine.
Broadleaf vegetation occurs in depressions
and lower slopes, grading to pine forests on
the ridges and upper slopes.
Vegetation
Broadleaf forests at lower (0-500 m)
and mid (500-900 m) elevations were found
to represent the most dominant formations in
a sample of sites examined for vegetations
types (Table II). Mature forest or communi­
ties presumably reaching complete regenera­
tion seem to be preferred by solenodons, alt­
hough they were observed to persist under
varying stages of succession. Man-caused dis-
turbances are no doubt the main source of
environmental change and population morta­
lity. Most, if not all, existing Solenodon spe­
cimens collected and examined during the
past 25 years, have originated from areas of
marginal agriculture or patchily distributed
forest habitat surrounded by intensively
exploited countryside. Hurricanes are a major
successional force, and their impact has been
particularly felt several times in the past by
the forest of the South Peninsula of Barahona.
In broadleaf-pine forest at higher elevations
pine regenerates well following disturbances,
particularly fire, but broadleaf is usually
dominant on deeper, moister soils.
Representative samples of forest types
characteristic of the habitat and ecology of
Solenodon are discussed below. Descriptions
correspond to dominant formations in a given
locality or group of localities (Fig. 5).
Dry Forest (Jaiqui Picado, COV). The
natural vegetation is a single stratum forest
characterized by a dense stand of trees, dense
undergrowth, and an abundance of schle­
rophyll-leafed species. Canopy height is
about 7-10 m. Trunks reach a maximum DBH
of 25 ern and a length of 2-4 m. Tree species
are characterized by slow growth and high
density. An list of the most frequent species is
given in Table 12. The soil is shallow and
rocky, but rich due to the large amount of
decaying plant material and soil nutrients as a
result of slow decomposition and lower lea­
ching because of reduced rainfall. Mean
annual rainfall is 1253.4 nun with 104.1 days
of rain per year. The topography at this loca­
lity (523 m) is best described as rough and
hilly terrain. Limestone formations are com­
mon, and fossil reef is evident in many areas.
The surrounding lowlands are mostly occu­
pied by an agricultural landscape, and forest
habitats in the small elevations are subject to
exploitation for wood poles and charcoal.
Bursera Forest (OViedo. SPB). The
Alrnacigo (Bursera simaruba) forest repre­
sents a typical forest formation for the
Dominican Republic. Ecologically, it is in
transition between the dry and the moist
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Table 12. Frequent plant species in the dry forest of Jaiqui Picado












































Sources: Pena (1977), Varner (pers. comm.).
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Table 13. Most frequent tree species in the Bursera forest of Oviedo.
Taula 13. Especies arbories mes frequents al bose de Bursera d 'Oviedo.
Species Macimum No. adult trees/ha
height (rn)" dbh > 20 ern)"
Bursera simaruba 15 56,3
Mastichodendron foetidissimum 13.1
Metopium brownei- 6.2
Coccoloba diversifolia 12 5.1
Antirhea Lucida 13 4.1
Spondias mombin 2.9
Piper aduncum 6 2.3
Guaiacum officinale 10 1.6
Manilkara jaimiqui 10 1.6
Buchenavia capitata 1.4
Cupania americana 0.9
Krugiodendrom ferreum 10 0.8
Acacia scleroxyla 0.7
Casearia arborea IS 0.7
Pauteria sapota 0.6
Coccoloba uvifera IS 0.5
Sources: a - Adams (1972), Loigier (1973), Moscoso (1943); b - FAD (1973)
forest (FAO 1973). The area described is
located between Oviedo and Cabo Beata,
where we have found and studied solenodons
at several locations since the mid-1970's. The
relief of the Peninsula increases gradually to a
level of 200 m. The surface of the ground is
rocky and stony, and limestone formations are
invariably present. The area receives about
870 mm of rainfall annually. Bursera has a
broad ecological distribution (up to 900 m),
from thorn woodland to moist forest. In thorn
scrub, growth is limited to a shrub-size
height; however, it might reach 15 m with a
DBH of 80 cm under more favorable climatic
and edaphic conditions. In this vegetational
formation, Bursera is not only the most fre­
quent species but also the canopy dominant
(Table 13), and it is easily distinguished for
the emergent wider crowns protruding above
the treetops of other canopy species. Species
composition of the different strata of this
forest is shown in Table 14. The upper layer
(10-14 m) is characterized by tree species of
large crowns, dominated by homogeneous
stands ofBursera or mixed patches with other
species. The intermediate layer is dense and
reaches a height of about 5-6 m. The transi­
tion from the latter to the shrub layer (2-4 m)
is not very distinct. This lower level is very
dense and entangled with lianas. The density
of the ground layer, mostly herbs, depends on
the amount of clay available mixed with the
rocky soil. Movement through the forest is
made difficult by the dense shrubby vegeta­
tion. Most of the forest is still intact particu­
larly in the more remote areas towards the
coast. Hurricanes are the most important natu­
ral disturbances of the Bursera forest in the
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Table 14. Representative structure of the Bursera forest in Oviedo.
Taula 14. Estructura representativa del bose de Bursera d'Oviedo.
































Barahona Peninsula. About half of the forest
was reported seriously affected by a strong
hurricane in 1966 (FAO 1973), and strong tro­
pical storms along the south coast were recor­
ded in 1979 and 1980.
Moist BroadleafForest (Boca de Yuma,
CCP). This large block of moist broadleaf
forest of low elevation is the most important
forested zone in the east of the Dominican
Republic. It is located in the easternmost end
of the Caribbean Coastal Plain around the set­
tlement of Boca de Yuma. It extends for about
100,000 ha. without interruptions along the
coast, from Cabo Cuerno in the north, to Boca
de Chavon near La Romana. The subsoil con-
sists of reef limestone. The topography is
monotonous. The terrain increases gradually
from the coast, and there are a few low mari­
ne terraces, beyond which a maximum eleva­
tion of 130 m is reached. In the major blocks
of forest, the soil surface is covered by recent
fallen leaves, below which a 1-3 em layer of
humus covers the limestone rocks mixed with
smaller rocks, gravel, and roots of trees. Fine
soil is not found in a continuous layer, and
probably few residuals are left from the che­
mical decomposition of the limestone rocks
for the formation of soil. Most of the reddish
brown clay formed slipped between the fissu­
res of the rocks, where it is reached by the
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Table 15. Most frequent tree species in the moist subtropical forest of Boca de Yuma.
Taula 15. Especies arbories mes frequents al bose subtropical humid de Boca de Yuma.
Species Maximum No. adult trees/ha
height (m)' dbh > 20 ern)"
Bursera simaruba 15 12,4
Coccoloba diversifolia 10 10,4
Cordisa sp. 10.1
Ficus trigonata 10 9.2
Mastichodendrom foetidissimum 25 9.1
Homalium recemosum 10 5.7
Meliosma hebertii 20 4.8
Acacia scleroxyla 17 4.2
Oxandra laurifolia 4.3
Krugiodendrom Jerreum 10 3.5
Spondias mombin 20 3,4
Phyllostylon brasiliensis 15 3.0
Catalpa longissima
Ateramnus luciduslO 2.8
Licaria jamaicensis 20 2.8
Myrcia citrifolia IS 2.0
Lonchocarpus sericeus 15 2.0
Sources: a - Loigier (1973), Moscoso (1943); b - FAG (1973).
roots. Solenodons are primarily found in areas
of depressions, where the larger accumula­
tions of soils are available. These soil deposits
are also avidly sought after by peasants for
shifting agriculture. Here direct competition
between solenodons and man for limiting soil
and space resources is more obvious. The
water retention capacity of this soil is very
low, and rainfall is rapidly lost to the deep
subsoil: Annual rainfall varies between 1000
mm and 1300 mm.
Among the most common species in
this formation are Bursera simaruba,
Spondias mombin, , Mastichodendron foeti­
dissimum, and Ficus trigonata (Table 15).
Average diameter is 10-30 cm and trees with
a DBH over 40 cm are rare. The canopy is
very dense with small crowns, and fairly
homogeneous, interrupted only by pure pat­
ches of some of the most frequent species,
like Bursera and the strangler Ficus. Average
height is between 12 m and 16 m, with a
maximum of 20 m. Emergent species are rare
except in areas of depressions with greater
accumulation of soils, where trees might
reach up to 25 m. Below the canopy the space
is densely occupied. The surface vegetation,
however, only barely covers the soil and
herbs, a cactacea and Zamia are frequent.
Thick roots of trees are frequently observed
extending for relatively great distances above
the soil surface, probably in response to the
limiting soil resources. The "middle layer" is
very dense and consists primarily of tree rege­
neration and many shrubs. The height is about
6-10 m, above which canopy trees protrude.
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The average diameter in this lower level ran­
ges from 1-5 ern. Epiphytes are frequent, and
lianas are very abundant. between the ground
and the canopy. The extent of natural forest
cover has been reduced in some areas due to
clearing for charcoal, timber and extraction of
other forest products, and for conversion to
marginal agriculture and grazing.
Wet Broadleaf Forest (Los Haitises,
LH). The wet broad leaf forest of lower eleva­
tion (up to 500 m) is characteristically well
represented in the karstic platform of Los
Haitises, the only large remaining extension
of this type of forest. It extends from the south
coast of Samana Bay, between Sabana de la
Mar and the Rio Barracote, 20 km inland (ca.
40,000 ha). Some areas are still virgin becau­
se of their low accessibility and difficult
terrain. The subsoil is karst limestone forming
a karstic platform. Landform consists of an
endless number of hills, similar in elevation,
divided from each other by narrow valleys.
Hills rise from the valley floor with almost
vertical walls of 30-50 m in height. The base
platform is about 100 m in from the coast, and
then elevation increases for up to 300 m
inland. The red clay soils are not too deep in
the top of the hills, but there are large accu­
mulations of alluvial material in the valleys.
The soil and subsurface are excessively drai­
ned, and the runoff is filtered to freatic levels
almost immediately. Therefore, only subterra­
nean rivers are known in Los Haitises, being
superficial freshwater courses mostly the
effect of heavy seasonal rains. The region
receives between 1900 and 2 I 00 mm
annually, and is among the areas of greatest
rainfall in the country. In Los Haitises, tree
species are taller (up to 15-20 m), thicker (30-
70 ern DBH), and with larger crowns than
most other broad leaf forests (FAO 1973).
Seventy-five percent of the volume is made
up of tree species with more than 30 cm DBH,
and 25% is due to tree species with more than
50 cm DBH. The most frequent tree species
are listed in Table 16. The structure of this
forest is heterogeneous because of differences
in site quality, from the base of the valleys to
the hilltops. Taller trees are more frequently
found in the flatlands and valleys than on the
tops of the hills where soil depth is reduced.
Feeding tracks of Solenodon could be found
where the soil and litter layer is deep enough
to support a soil macrofauna. However, tracks
are more frequently found in depressions or
small valleys where the soil tends to accumu­
late. Daytime resting burrows are apparently
located on higher ground or sloping terrain
under dense cover.
Broadleafforests (Sierra de Bahoruco).
Along its vertical distribution on the south­
west slopes of the Sierra de Bahoruco,
Solenodon was found associated with several
broad leaf vegetation zones: moist broadleaf
forest in low elevation (0-500 m), moist bro­
ad leaf in medium elevation (500-900 m), wet
broadleaf in high elevations (over 800 m),
lower montane wet broad leaf (> I 000 m), and
mixed broad leaf-pine forest. Ecological fac­
tors, including rainfall, temperature, soil, and
history of disturbance, are related to this
vegetational zonation (Fisher-Meero, 1983).
The subsoil of most of the Sierra de
Bahoruco consists of limestone with little
resistance to weathering resulting in moun­
tains with a moderate curvature. This moun­
tain range is characterized by frequent deep
ravines, cliffs, and plateaus interrupted by
steep terraces. The highest elevation is 2367
m near the border with Haiti. Rainfall increa­
ses with elevation, and annual precipitation
ranges widely from 1000 mm to 2000 mm.
Percolation rates are high and the impermea­
ble horizon is almost nonexistent in the higher
elevations. Soils are derived from reef limes­
tone, pronouncedly rocky, with shallow
depths, and clay texture.
The vegetation is influenced by the
intensity of fissures and crevices on the sub­
surface, where the soils are deposited after
being washed by rains. Water and nutrients
stored in these fissures are available to plant
species with deep root systems. The upper
layer consists of gravel and small pieces of
weathered limestone mixed with red clay and
organic materials contributed by leaflitter. On
very steep slopes, water deposits are closer to
the surface and more readily accessible to
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Table 16. Most frequent tree species in the low elevation wet broadleaf forest of Los Hitises, as
indicated by the average number of individuals trees per count, in both flatland and hilltop
(mogote) forest (only species with an average count of 2:4 individuals are shown).
Taula J 6. Especies arbories mesfrequents al bose deJulla ampla humid de baixa altitud de Los
Hitises, indicat pel nombre promig d 'arbres individuals per recompte, tant ales terres baixes
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Table 17. Frequent tree species in three vegetational formations of Sierra de Bahoruco.
Taula 17. Especies arbories frequents a tres formacions vegetals de la Serra de Bahoruco.
No. treeslha.(dbh > 15 ern)"
Species MBLE MBME WLMB
Carapa guaianensis 4.4 3.1
Clusia rosea 0.2 3.1 2.1
lnga vera 0.4 3.1
Melia azedarach 8.3
Prunus occidentalis 7.0
Cassia grandis 3.8 1.9
Bumelia salicifalia 4.4 24.4
Eugenia axillaris 13.2 6.2
Licaria triandra 1.5 23.7 51.4
Metopium toxiferum 0.5 11.2
Nectandra coriacea 10.1 18.1 11.6
Beilschmiedia pendula 12.0
Bursera simaruba 55.4 23.7
Comocladia glabra 3.1 74.9
Didymopanax morototoni 39.9
Rauvoljia nitida 16.1 5.0 0.1
Spondias mombin 11.2 0.1
Coccoloba diversifolia 6.2 15.6
Dendropanax arboreus 0.4 2.5 31.1
Sloanea amygdalina 2.0 4.4 28.1
Vitex divaricata 20.8 0.6
Zanthoxylum Jagara 9.3 23.1
Prestoea montana 12.4
Mastichodendrum foetidissimum 6.4 5.0
Phithelocobium berteroanum 5.9 4.4 8.3
Canna sp 9.0 20.6
Ficus citrifolia 20.3 5.6
Cyrotaenia myriocarpa 11.9
Sources: a - FAD (1973)
Broadleafvegetation. Types: MBLE - Moist broadleaf at low elevation (0-500 rn); MBME
- Moist broadleafat medium elevation (500-900 m); WLMB - Wet lower montane broad­
leaf (>800 m).
trees, providing favorable conditions for
growth. In all types, the canopy is dense, and
this is easily noted from aerial surveys.
Frequently, taller trees emerge over the rest
with pointed or wide crowns. Canopy height
is variable, and this is probably associated
with soil characteristics. Size and density of
the canopy increase with humidity and the
space between the medium and ground levels
is characterized by close vegetation, with
many lianas, shrubs, and saplings. This transi­
tion is successive, and no stratification is evi­
dent. The number of lianas and epiphytes
appear to increase in wetter forests. Most fre­
quent tree species of these forest types are
shown in Table 17.
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Moist broadleafforest at low elevation
(up to 500 m). This type is found in the lowest
slopes of the south side, between Las
Mercedes and Mencia. Of the whole south­
west slope, this is the area from where more
Solenodon localities and specimens are
known. The lowest Solenodon site elevation
recorded was 195 m in a locality between La
Azucena and EI Manguito.
Moist broadleaf forests at mid-eleva­
tion (from 500-900 m). This type is a transi­
tion to the wet forest at high elevations. The
height of the trees and the density and size of
the canopy, are similar to the forests at lower
elevation. However, there are differences in
vegetation, diameter of the trunks, and spe­
cies composition. We found abundant fresh
tracks ofSolenodon in Los Teleses (560 m), a
mature forest about 4 krn NE from Los
Mercedes.
Wet lower montane broadleaf forest.
This broadleaf formation is found between
850 m and 2000 m, and its presence is usually
associated with deep, humus-rich soils. This
formation has been heavily reduced above
Los Arroyos. Extensive areas are now con­
verted to pasture, and pine regeneration is
more common. Natural patches of pine are
also present inside the broad leaf, on the rid­
ges, and upper slopes where the soil is shallo­
wer and drier.
Broadleaf-pine forest. There are only a
few patches left of pine trees mixed with bro­
ad leaf on the higher elevations of the south­
west slopes. One of these areas is Pinalito,
west ofEI Acetillar (1370 m). Solenodons are
still found there, and crossing to the pine­




Distribution in relation to habitat
The geological features of localities
where recent specimens of Solenodon have
been found represent a diverse but consistent
morphology. Ranked from the most frequent
to the least, the relief in Solenodon areas is
characterized by rolling and hilly terrain,
steep hills, mountains, undulating and rolling
plains, and karst topography. In contrast, the
species is usually absent on flood plains, fans
at the base of mountains, level and undulating
plains or swamps (Table 18). S. cubanus is
present in areas with a similar geomorpho­
logy, particulary on slight to deeply dissected
mountains (Baracoa, Sierra Maestra, Sierra
del Cristal and Sierra del Escambray). Karst
topography (cone and "mogote" types) is
locally frequent in Sierra Maestra, Sierra del
Escambray, and Sierra de los Organos (Atlas
de Cuba, 1979).
The parental material associated with
the habitat of the Hispaniolan solenodon is
primarily limestone and limestone and shale.
Mixed acid and basic igneous and metamorp­
hic rocks are the dominant underlying mate­
rial in localities at high elevations. Tuff is pre­
sent on most of the Sierra de Neiba and asso­
ciated foothills. The species is apparently
never present in alluvium, lacustrine deposits,
or unconsolidated marine structures.
Limestone, including karstic and reef forma­
tions, is present in eight of eleven geological
characterizations, through the different
regions, and in 75% of the total number of
localities analyzed.
Metamorphic, volcanic or sedimentary
rocks are frequently found associated in the
same habitat. Where limestone is absent, the
localities are characterized by Cretaceous vol­
canic tuffs, plutonic igneous rocks, and volca­
nic rock with a metamorphic base.
Serpentinized peridotite seems to be usually
associated in this later group of localities. The
same conclusion can be drawn from the
analysis of localities from where only tracks
and reports have been recently recorded
(Table 3). Limestone is present in seven of
eleven geological characterizations involving
77% of the total number of localities.
Volcanic (primarily tuffs and basaltic flow),
sedimentary and metamorphic rocks were
present in the same habitat with limestone, or
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Table 18. Landform and soil parental material in habitat selection by Solenodon
Taula 18. Formes terrestres i materials edafics en la seleccio d'habitat per Solenodon.
SOLENODON PRESENT SOLENODON ABSENT
LANDFORM
K Karst topography DT Dissected terrace
M Mountains F Fans at base of mountain
RH Rolling and hilly terrain FL Floodplain
S Steep hills L Level Plain




LSS Limestone and shale
RB Mixed acid and basic igneous
T Tuff
Alluvium
LA Lacustrine alluvium, unconsolidated
M Marine, unconsolidated and Metamorphic rocks
represented the dominant structure. Once
again serpentine was found where volcanic
tuff is the main strata. These characteristics
are comparable to those described recently by
Eisenberg and Gonzalez (1985) from the
habitat of S. cubanus they studied in the
mountains west of Baracoa. The geology of
Sierra Maestra and the various mountain ran­
ges between Holguin and Baracoa, including
Sierra del Cristal where populations of S.
cubanus occurred historically and where pre­
sumably they are still found (Varona, 1983),
is dominated by rocks of the Domingo Belt
(Pardo, 1975), characterized by ultrabasic
igneous rocks invariably associated with
some sediments and metamorphic rocks. This
formation is of tectonic origin and includes
among other elements grano diorite, and three
types of serpentine derived from peridotites,
usually associated with metamorphic rocks.
Serpentinized peridotite occurs at many
sites in the Dominican Republic, and possibly
defines two parallel belts (Bowin, 1975). One
belt occurs in the fault zone that parallels the
trend of the Cordillera Central, while the
second lies along the Cordillera Septentrional,
extending from the Puerto Plata region to the
Samana Peninsula. There is also a small occu-
rrence of serpentinazed peridotite between EI
Seibo and Higuey that appears as an exten­
sion of the same north belt. Peridotite has
been found in Haiti only in a valley northeast
of Saint-Michel de I'Atalaye, and is dissimilar
to those found in the Dominican Republic,
with the exception of the serpentines that
have been reported from western Dominican
Republic (Woodring et al., 1924). The Haitian
sample is only slightly serpentinized, while
those of the Dominican Republic are highly
serpentinized. Consequently, it has been sug­
gested that the Haitian and western
Dominican Republic occurrences be not rela­
ted to the other Dominican localities. Also
intriguing, is the contrast in the occurrence of
serpentinized periodotite between that of
Hispaniola and on the adjacent islands of
Cuba and Puerto Rico, reported by Mattson
(1973). In Hispaniola, peridotite appears
more closely associated with faults as tectonic
slivers, whereas in Cuba and Puerto Rico
these are more elliptical and might be expo­
sed through the erosion of anticlinal uplifts.
The Hispaniolan Solenodon appears to
occur mainly at elevations below 1000 m. All
specimens examined in this study and most
reports correspond to localities between 5 to
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800 m. Solenodon certainly can be found up
to 1500 m, above which the numbers decrea­
se with elevation. Since presumably fewer
populations are found at higher elevations,
chances for the development of locally adap­
ted populations should be higher in isolated
insular montane conditions, in relation to
those inhabiting the lowlands.
Temperature, moisture, and particulary
soil quality among other factors seem poten­
tial environmental constraints as elevation
increases. Thin, less friable soils usually pre­
dominate on the higher mountain slopes,
while deeper soils occur at lower altitudes.
The elevation of 630 m at the study site of S.
cubanus in Cerra La Iron recorded by
Eisenberg and Gonzalez (1985) is within the
altitudinal range found for S. paradoxus in the
Dominican Republic, though, the denser
underfur and longer guard hairs forming a
more efficient, insulative coat in the Cuban
Solenodon suggest that environmental strate­
gies between the two species are apparently
not identical.
The Cuban Solenodon, with longer
claws than S. paradoxus, seems more specia­
lized for burrowing and might spend more
time below ground than the Hispaniolan spe­
cies. Over two hundred museum specimens of
S. paradoxus are known in collections world­
wide, contrasting with less than 30 S. cubanus
worldwide. The chances for finding S. para­
doxus would be higher if they spend conside­
rably more time on the surface, and this could
account for the difference in the number of
specimens. It is also possible that population
densities of S. cubanus are lower than that of
S. paradoxus.
The Hispaniolan form is known to
remain active through the year, and the same
might be true for the Cuban species. The dif­
ferences in rectal temperatures between S.
paradoxus and S. cubanus are slight and
might reflect differences in thermoconductan­
ce at similar body sizes, perhaps related to the
more efficient insulation of S. cubanus. Diel
variations, recorded from one specimen each
were 30.5 - 33.7°C in S. paradoxus (Eisenberg
and Gould, 1966), and 33.0 - 35.0"C in S.
cubanus (J.F. Eisenberg, pers. comm.) which
suggest a somewhat narrow range of thermo­
neutrality and the ability of both species to
maintain a relatively constant body tempera­
ture in relation with that of the environment.
If linked to low basal rates, these low body
temperatures may be an adaptation to reduce
heat storage and water exchange (McNab,
1979). Under lab conditions a female S. para­
doxus maintained an average rectal tempera­
ture of 6.4°C above the ambient at the same
time that 20 Echinops te/fairi (ca. 180 g.;
Tenrecidae) were torpid with rectal tempera­
tures only 0.6 - 1.6°C above Ta (Eisenberg
and Gould, 1966). Extreme ambient tempera­
tures during these experiments ranged from
21.0 to 27.3°C, which compares very closely
to the mean annual averages (21.2 - 27.1 DC)
found in this study for IS field stations (ran­
ging in elevation from 3 to 890 m) in areas
occupied by S. paradoxus. However, it has
been shown that during the year temperatures
in different localities fluctuate from l3.5°C to
38.8°C, with an absolute minimum of OeC
above 900 m at selected localities (Table 9).
Extreme surface temperatures are likely buf­
fered by the stable microclimate of the
burrow.
Although food habits are not well
known, Solenodon appears to be a food gene­
ralist. Although they feed primarily on soil Iit­
ter invertebrates (i.e. earthworms, land snails,
centipedes, millipedes, insects and arach­
nids), additional preys include crabs, small
amphibians and reptiles, and ground birds. In
feeding trials in captivity, they also readily
pursue, kill and eat mice. With the exception
of species with relative small body size, mam­
mals feeding on soil and litter fauna usually
have low body temperatures and a reduced
capacity to regulate body temperature at low
environmental temperatures (McNab, 1983),
possibly because of the periodicity in the
availability of soil invertebrates. McNab
(1979) has also shown that, basal rates of
metabolism are lower than expected in fosso­
rial and burrowing mammals weighing more
than 80 g; including those species that spend
only part of the time in burrows as in the case
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of Solenodon. Therefore, both S. cubanus,
with a body mass close to that of the
Hispaniolan form, and S. paradoxus (ca. 800
g., N=IO non-captive individuals) should
have low basal rates of metabolism. Although
the metabolic rates of Solenodon have never
been studied in the laboratory, the adaptation
to low basal rates under the hypoxic hyper­
capnic conditions of the burrow might be
associated to a reduction in gas exchange
(Darden, 1972), and to avoid overheating.
Activity patterns, thermoregulation,
and the exploitation of an insectivorous food
source under the presumed low productivity
conditions of their environments seem closely
related. We have observed captive animals
basking during early hours, and most daylight
observations of S. paradoxus by peasants
have been reported early in the morning or
after rains, which suggest the possibility of
behavioral thermoregulation, though the faci­
litation of digestion might also be involved.
Cuban solenodons have been also observed
sunning themselves (Eisenberg and Gonzalez,
1985). The Cuban Solenodon seems to occur
primarily at higher elevations, and apparently
they have not been found on lowland or dry
habitats comparable to those described for S.
paradoxus in this study. This lead to the pos­
sibility that ecologically, S. cubanus might be
more specialized whereas S. paradoxus is
able to survive under a wider range of condi­
tions. The shorter pelage of the Hispaniolan
species, which is known to occur in both
mountains and lowlands, might reflect an
adaptation, or at least a higher level of tole­
rance, to drier, warmer environments.
Furthermore, the lack of hair on the rump,
around the base of the tail and around the anus
of both species, probably important for passi­
ve heat dissipation, is slightly more pronoun­
ced in S. paradoxus. Obviously S. cubanus
also survived the drier conditions that charac­
terized the West Indies during the last glacia­
tion, when arid habitats, (savannas or grass­
lands) occupied extensive areas of previous
forests habitats. As a result of changing cli­
mates and sea levels after the Pleistocene, the
present distribution of species that are obliga­
te xerophiles have been found to be of restric­
ted, relictual occurrence (Pregill and Olson,
1981), due to the loss or decrease of dry, prai­
rie-like habitat since the late Pleistocene. At
present, the distribution of dry habitats in
Cuba is reduced, in contrast to the extensive
xeric areas that are still found in the
Dominican Republic today. Only five areas
receive less than 1000 mm of rain every year
in all of Cuba, four of which are coastal.
Schubert and Medina (1982) have presented
data suggesting that the glacial average tem­
perature gradient in the Dominican Republic
was higher than today, possibly greater than -
I C per 100 m elevation, hence suggesting a
drier climate than today. At present, the mean
average annual rainfall along the distribution
of S. paradoxus in the Dominican Republic is
about 1500 m, though the minimum annual in
their habitats appears to be close to 800 m.
The harsher moisture conditions presumably
occur in Oviedo, (annual mean of 855.1 mm)
where amounts of rainfall as low as 597.1 mm
have been recorded.
Habitat Selection
Habitat selection in Solenodon seem
closely associated to certain edaphic condi­
tions, and further interrelations of the soil
with other characteristics of the physical and
biotic environment of their habitats (Table
19). Altitude, moisture, topography, forest
cover and substrate features combined appear
to influence the geographical distribution of
S. paradoxus, although soils and vegetation
cover seem to be primary limiting factors.
These two factors seem to further influence,
more than any other, the physiological eco­
logy, distribution and abundance of food
resources, and presumably the population
structure and dynamics of Solenodon. The
soils found in the habitats of the Hispaniolan
Solenodon are characteristically shallow,
stony, erosive, non-saline, well drained, fine
textured, with slow permeability, no risk of
flooding, and usually on very steep topo­
graphy.
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The advantages of a rough topography
seem to be varied, and a number of situations
might illustrate apparent preferences in habi­
tat use and selection by S. paradoxus. In much
of the habitat, the soil is extremely shallow,
due to frequent emergence of the bedrock,
with intermittent depressions caused by weat­
hering or dissolution of the parental material.
The depressions represent storage pools for
soil deposition, organic matter and litterfall
accumulation and moisture retention.
Therefore this litter accumulation provides
favorable habitat for a diverse soil fauna, thus
food sources are seemingly more concentra­
ted in particular areas. Although feeding
tracks of S. paradoxus can be found anywhe­
re the soil and litter layers are deep enough to
support soil fauna, foraging signs seem more
commonly found on depressions, small
valleys or ravines, and between hills where
soil and litter tend to accumulate. While fora­
ging is mostly done in these depressions,
burrows and major tunnels are apparently
more frequently found at relatively higher
levels (i.e. slopes, around limestone outcrops
in the immediate vicinity of the foraging
grounds).
Eisenberg and Gonzalez (1985) descri­
bed extensive networks of tunnels made by S.
cubanus in habitats with thick leaf litter and
humus. They also suggested that the Cuban
form spend considerable time foraging bene­
ath the surface, and that above ground fora­
ging is regulated by humidity and ambient
temperature. Similar behavior is exhibited by
S. paradoxus, though limiting temperature
and humidity might shift to harsher condi­
tions in dry habitats during extreme seasonal
conditions. We have found foraging tunnels
converging under the base of a Membrillo
(Prunus sp.) in the dry transitional moist
forest of Oviedo. Because the reduced rainfall
and the scJerophyll condition of the leaves,
decomposition is slow. We have found litter
accumulations up to 50 em deep in some areas
of this forest. In the south side of Sierra de
Bahoruco, the steep slopes covered with adult
forest above 300 m usually have litter-soil
layer depths greater than 25 cm in places with
foraging tracks.
The selection of dry sites for the loca­
tion of the nest chamber have been observed
in the wild and in captivity in S. paradoxus,
and has been illustrated for S. cubanus by
Eisenberg and Gonzalez (1985). The require­
ment for dry sleeping chambers, hence their
location under large rock outcrops, trees or
stumps, seem related with the consistent
reports suggesting that both S. paradoxus and
S. cubanus are more active above the ground
after a rain, when presumably they have been
observed foraging or sunning themselves.
Several reasons might be involved. In burro­
wing mammals, hypoxia and hypercapnia
conditions increase underground after rains or
periods of active digging (Arieli, 1978)
because gas diffusion rates are influenced by
a moisture gradient. For instance, decreased
burrowing rates of Geomys have been recor­
ded when the soil is frozen or saturated with
water (Andersen and MacMahon, 1981). A
wet nest chamber would result in the pelage
of Solenodon becoming wet with an increase
in thermoconductance. The higher heat loss
might be energetically costly and might
explain observations of animals basking
themselves after a rain. The selection of rela­
tively higher places (i.e. steep slopes) for the
construction of nest chambers might also be
associated with the advantage of a faster
water runoff in higher areas, therefore pre­
venting flooding situations. A pair of animals
kept in captivity in an outdoor enclosure,
drowned inside their nest under a large rock
after heavy rains, when the water filled the
tunnel causing its collapse. In the wild, S.
paradoxus occur without exceptions in soil
types with reduced or no chance of flooding.
We have found remains of S. paradoxus seve­
ral times inside non-active burrows, and
bones of adult S. cubanus were reported
found under similar circumstances (1.
Eisenberg, pers. comm.). Whether these are
cases of mortality due to older age or disease,
rather than losses of animals caused by hypot­
hermia or flooding events, is unknown. In
Soil type Agricultural
potential
Typical location Vegetation type Mean annual
precipitation temperature
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Sources: CRIES (1977), Vegetation types: D - dry, M - moist, W - wet, R - rainforest, Prm - premontane, m - montane, f forest; a - \\I:t broaleaf evergreen forest, unique flo­
ristic composition; similar to other Antillean Kegelkarst forest; b -Wet montane forest in cloud zone (broadleaf, Mora, palms, somewhat more epihites than the merely moist
montane forest, but other similar in vegetational composition; c - Mois forest, most of which now represented by secondary growth, d - Nonseasonal broadleafmoist forest in
lower areas; wet forest on higher slopes; endemicity of herbaceous plants; e - Mainly Bursera, but also present legumes such as Acacia, Brya and Calliandra; rubiads as Guettarda
and Psychotria; euphorbs as Croton, Jatropa, and Phyllantos, also Phyllostillon, Tabebuia and Prosopis, f - Broadleaf forest ranging from true rain forest, throughout wet forest
(Ire fens, and occassional Prestoea palms) to moist forest.
Precipitation (Seasonality): distinct-ds: with distinct first-quarter dry season; mild-ds: with mild first-quarter dry season; V-mild-ds: with very mild first-quarter dry season; g­
distinet first-quarter dry season, with additional third-quarter dry season; h - mild first or third-quarter dry season; i-with erratic distribution of rains; j - with one or two maxi­
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small burrowing mammals, mortality caused
by extreme weather conditions have been
documented elsewhere (Ingles, 1952; Nevo,
1961; Williams and Baker, 1976).
Above ground activity is also probably
associated with the mobility patterns of the
soil fauna in response to soil moisture and
temperature gradients. Together with soil and
vegetation structure, and the chemical factor
of base content and pH, microclimatic gra­
dients exert a considerable direct influence on
the horizontal and vertical distribution of the
soil fauna (Wallwork, 1970). Soil structure,
vegetation type and chemical factors are rela­
tively static features of the soil environment,
and their effects determine the presence or
absence of a species on a particular place.
Microclimatic factors are dynamic, with diur­
nal and seasonal periodicity. Their effects are
both qualitative and quantitative, promoting
cyclical shifts horizontally and vertically, in
the centers of population densities (Wallwork,
1976). Studies done on the vertical distribu­
tion, abundance and population dynamics of
the macrofauna of the litter substrate by
Gonzalez and Herrera (1983b) in the seasonal
evergreen forest of Sierra del Rosario, Cuba,
have shown that adults and larvae of major
invertebrate groups exhibit a great vertical
mobility correlating with humidity. Starting
from the more superficial layers of the litter,
the 99.9 percent of the biomass of the
Coleoptera was found within the first 15 cm
of soil; the larva being found until 15 em
depth and the adults until 10 ern. With an
increase in humidity, both larvae and adults
move up, whereas they move to the deeper
horizons during the drier months. The move­
ment of this fauna is also affected by soil tem­
perature, which may account for the apparent
reduction of surface foraging between
December and March by S. paradoxus (pers.
obser.). Studies in Cuba (Gonzalez and
Herrera, 1983a; Gonzalez and Mendizabal,
1983) had shown that the greatest abundance
and biomass of all stages and the emergence
of adults of the Coleoptera from the litter
coincides with the rainy season. When availa-
ble, the larvae and adult Coleoptera of the
large sized genus Strategus seem one of the
important items in the diet of S. paradoxus in
the Dominican Republic. Strategus oblongus
(adult: 35-58.8 mm; instar 3 larvae: 100 mm)
and S. aenobarbus (adult: 32.0-38.0 mm) are
widely distributed in Hispaniola and all sta­
ges, except the eggs, have been found in all
months of the year (Ratcliffe, 1976). In
Grenada, Lesser Antilles, Tanaka and Tanaka
(1983) found that the average wet-season
abundance of arthropods was 2.3 times grea­
ter, and the wet-season biomass was 3.1 times
greater than that for the dry season.
The relative abundance of other appa­
rently important invertebrate groups in the
diet of S. paradoxus also seems closely asso­
ciated with the dominant geologic structure in
the habitat of Solenodon. Snails, millipeds
and woodlice use calcium carbonate in relati­
vely massive quantities to strengthen the
exoskeleton, and these groups flourish where
the parental material is limestone or chalk
(Wallwork, 1976). The geological substrate of
some beetle groups (e.g., Tenebrionidae) in
the Antilles is essentially represented by
limestone and effusive igneous rocks, particu­
lary volcanic tuffs (Marcuzzi, 1974).
The shading by the canopy influences
the microclimate at the surface of the ground
and also determines, to some extent, the type
and distribution of the ground flora (Longman
and Jenik, 1974). The organic material ente­
ring the soil is derived from leaf fall and the
decay of logs and branches. Decaying logs
and stumps, and debris accumulated in holes
provides an important series of microhabitats
for the soil fauna, however, Bray and Gorham
(1964) have suggested that leaf litter constitu­
tes roughly 70 percent of the total litter. The
litter on the forest floor affects the moisture
and temperature status, runoff pattern and
nutrient content (Garg and Vyas, 1975). The
combination of favorable conditions that pro­
vide food and living space determine the
mosaic distribution of the soil fauna
(Walkwork, 1976). A large percent of the tree
species in Solenodon habitats are evergreen
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and shed their leathery leaves throughout the
year. However, their leaf-fall remains in a dry
and largely undercomposed state during the
dry season. The surface litter breaks down as
the wet season progresses, presumably in pro­
portion to the amount of rainfall in the diffe­
rent localities, but decomposition rates decre­
ase with increase in elevation due to lower
ambient temperatures. Reduced decay rates
due to low temperatures are further influen­
ced by the mountain raising effect
(Massenerhebung effect). The subtropical
insular conditions of Hispaniola and Cuba
exhibit lower temperatures at lower eleva­
tions than continental habitats. These condi­
tions suggest that S. paradoxus is apparently
adapted to reduced secondary productivity as
have been noted in the habitat of S. cubanus
by Eisenberg and Gonzalez (1985).
The reduced plant productivity, and the
tendency for evergreen, scleromorphic leaves,
are probably influenced by the nutrient-poor,
low moisture holding, azonal soils of
Solenodon habitats. As shown in chapter four,
these immature soils (mainly Inceptisols and
Entisols), although in most cases developed
on limestone, are often above ultrabasic rocks
of serpentine. Thedepauperate appearance of
the forests of Sierra del Seibo is probably a
reflection of the toxicity and deficiency of
nutrients of these soil formations. Solenodon
seems more associated with older, "undistur­
bed" forest, which are generally considered of
lower productivity than younger successions
(Mabberley, 1983). Gonzalez and Herrera
(1983c), found 32 times more Diplopoda, and
two times more soil organisms in a 7-year-old
forest plantation of Hibiscus elatus than in a
seasonal, evergreen old forest. The same
study suggested that the mobility of the litter
fauna is low and practically constant throug­
hout the year in the forest, whereas soil orga­
nisms are more active and mobile in the plan­
tation situation.
Life history patterns
There appears to be no sharp breeding
season in S. paradoxus, although some evi-
dence suggests that there might be a peak
from September to March. If a peak exist,
gestation occurs during the driest season, and
the young are born either at the onset or
during the rainy season, presumably to maxi­
mize growth and survival. The gestation
period is at least 84 days, and as a rule, a sin­
gle young is born. Neonate weight is about 80
- 100 g. Young open their eyes after five days
of age, and the first pelage is usually black on
the back and sides. Their cryptic coloration
might be an adaptation to reduce predator
detection during overground foraging activity
in company with the mother. During the ear­
lier stages of development, mother-young
contact during foraging activity is accomplis­
hed by "teat-transport" (Eisenberg, 1975).
Presumably, females do not attain sexual
maturity until the second year of age. Basic
social units are family groups consisting of
the adult pair and one young, although a suba­
dult from the pervious litter is frequently pre­
sent in the same nest chamber or burrow sys­
tem. Presumably, subadults leave the family
group between 10 to 18 months of age. This
mechanism might be a response to reduce
competition between genetically similar offs­
pring, though how far these subadult indivi­
duals, particulary males, disperse from their
natal burrow or territory is unknown. Adult
survival is more likely favored in the low pro­
ductivity environments of Solenodon. Life
expectancy of S. paradoxus in the wild is
apparently long, and at least one captive indi­
vidual is known to have survived eleven years
(IF. Eisenberg, pers. comm.).
In addition to Solenodon itself, the only
known native predators of the Greater
Antilles are represented by raptorial birds and
snakes. Because of their nocturnal activity
and relatively large size, potential natural pre­
dators ofparadoxus are reduced to owls (Tyto
alba and Asio stygius), and the Hispaniolan
boa (Epicrates striatus). The habitat of other
large potential predators, namely, the Short­
eared owl (Asio jlammeus) and snake
(Alsophis anomalus) do not overlap with that
of paradoxus. Predation rates are apparently
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low and probably buffered by the security of
the burrow, though it may increase during
subadult dispersal. Solenodon remains are
usually absent in pellet deposits of bam owls,
but owls might prey on the young and suba­
dult Solenodon. The larger Asio stygius occur
only in dense mature forest and might prey on
adult individuals, but interestingly this owl is
as rare or even more rare than S. paradoxus.
Common Hispaniolan boas, E. striatus (up to
2.3 m in SVL length) could be the most
potential native predators. One large
Hispaniolan boa was reported containing the
remains of an adult cat (Ottenwalder, 1980),
and C. A. Woods (pers. comm.) examined an
adult E. striatus containing a fresh carcass of
Hispaniolan Hutia (Plagiodontia aedium) in
its digestive tract (Ottenwalder 1985;
Henderson et aI., 1987). The larger Cuban boa
(E. angulifer), with maximum SVL of 4
(Schwartz and Henderson, 1991) meters is
certainly capable of entering the burrows and
kill an adult Solenodon.
At least five species of helminths,
including trematodes, cestodes, and nemato­
des, are known to parasitize S. paradoxus and
S. cubanus (Sandground, 1938; Lorenzo et
al., 1981). Acanthocephala larvae, presu­
mably Macracanthorynchus hirudinaceus
(Ricart et al., 1973), are present in a high per­
centage of adult paradoxus but so far not in
any of the few young examined (pers. obser.).
This is an erratic host-parasite cycle, and the
infestation is apparently obtained thru the
ingestion of adult and larvae Coleoptera. In
particular, coprophagous beetles of the
Scarabaeidae are known to be intermediate
hosts of this swine parasite. Cruz (1973)
reported one host-specific acari parasitizing
each of the two extant species of Solenodon.
In all recorded cases, parasitic loads and their
impact on the survivorship of affected indivi­
duals are unknown, though Mohr (1936-38)
referred the deaths of some captive soleno­
dons due to helminthiasis. In subterranean
mammals, mortality factors such as parasites,
diseases, and food shortage have been shown
to be density-dependant (Jarvis, 1973).
The life history patterns of S. parado­
xus, (i.e. slow development, relatively large
body size compared to other members of the
Insectivora, prolonged longevity, low repro­
ductive rates, and presumably, low recruit­
ment and mortality rates) imply an extreme
K-selection strategy in both species of
Solenodons as suggested by Eisenberg and
Gonzalez (1985). This strategy is matched to
the adaptive patterns of fossorial ecology, i.e.
constancy of microclimates, nocturnality,
food generalism, low population densities,
effective predator avoidance and subdivided
population structure and low vagility due to
the discontinuity of favorable habitats. These
adaptations might favor high competitive abi­
lity and over all individual fitness (Nevo,
1979). The low total biomass is apparently
determined by the relatively low productivity
of their environment.
Conclusions
Extant populations of the Hispaniolan
Solenodon occur in remote, relatively undis­
turbed forest habitats, with relatively low
human densities. Their habitats are characteri­
zed by steep, hilly terrain in mountain ranges,
or undulating and rolling plain in coastal low­
lands. The geology of the habitat is dominated
by limestone. Mixed acid and basic igneous
metamorphic rocks and tuffs are also fre­
quent, particulary in the Cordillera Central,
Cordillera Septentrional, and Sierra del Seibo
y Neiba. Serpentine in often associated with
these outcroppings. The slope of the terrain
averages 25.1 percent. Soil depth is shallow
(ca. 0.35 m), with the bedrock close to the
surface. Lithic subgroups comprise 78 percent
of all soil units, so the soil usually accumula­
tes in solution holes. Though soils are of fine
texture, slow permeability and low water
capacity, the soils are also well drained becau­
se of the steep slopes and stony coarse frag­
ments.
Available data indicates that Solenodon
occurs primarily at moderate elevations, <800
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m, and most known populations have been
found between sea level and 1000 m. Above
that elevation, populations are less frequent,
but there is evidence supporting their presen­
ce up to 2000 m. Solenodon localities receive
on the average 1500 mm of rain annually,
with a mean annual minimum of about 800-
mm in the driest localities. In the sample of
Solenodon localities analyzed, the average
number of days with rain per year was about
117 days, though in one area total rainfall was
distributed in 72.4 per year. Mean annual tem­
perature was 24.8C ranging from 21 to 27C in
15 areas analyzed. Average annual extremes
ranged from 19.2 to 38.8C, though absolute
low temperatures of zero degrees C have been
recorded above 900 m locations.
About 86 per cent of the Solenodon
localities evaluated in the study is in transitio­
nal moist forest, moist forest, and wet forest.
S. cubanus is apparently restricted to these
life zones, in contrast with S. paradoxus,
which also occurs in dry habitats in at least
three areas of the country. Low to mid eleva­
tion broad leaf forests seems to represent a
favored habitat for S. paradoxus. Although
old, mature forest habitats no doubt represent
the optimal habitat for both species of
Solenodon, the Hispaniolan species was
found surviving in secondary, disturbed forest
habitats. Though the degree of relative suc­
cess of S. paradoxus in response to particular
successional trends can not qualify be asses­
sed on the base of the present data, their per­
sistence in these habitats suggest that the spe­
cies might survive, at least temporarily, under
variable levels of disturbance. However, evi­
dence from populations we discovered in dis­
turbed localities during the mid-1970's, were
found locally extirpated 20 years later. In
addition, available data from one disturbed
population being monitored since the mid-
1980's, indicate that Solenodon populations
surviving and depending from nearby distur­
bed forest fragments would vanish before 20-
30 years if the causes of disturbance do not
disappear, and the habitat does not enter a
successional recovery (Ottenwalder and
Rupp, in press).
Hispaniola is visited by hurricanes at
intervals of less than 30 years. According to
UNEP (in Hartshorn et al.. (1981), an estima­
ted 46 tropical storms and hurricanes passed
near or over the Dominican Republic between
1887 and 1975. When exposed to such selec­
tive pressures many ecosystems are rejuvena­
ted and become more productive. In addition
to hurricanes, the insular forests must overco­
me other natural disturbances such as
drought, floods, fires, landslides, and excessi­
ve wind. These perturbations have relatively
natural frequencies and therefore predictable
in ecological time. Human disturbances are
also involved in this changing process. In
Sierra de Bahoruco, Solenodon has been
found in forest patches, usually in the proxi­
mity of older stands, and often recovering
from serious agricultural exploitation.
The chances of a population to survive
under disturbed conditions are probably
determined by the resilience of the habitat and
the extent of the disturbance. Rapid growth
and regeneration of the forest canopy and the
persistence of the soil seem important condi­
tions for the habitat to recover its original pro­
ductivity, and for Solenodon to recover its for­
mer population density, or to re-colonize a
given area.
The food habits of the species determi­
ne the amount of resources available, which
in turn influence the carrying capacity of the
habitat. Solenodon occupy an insectivore-fos­
sorial niche, hence could be considered
narrow habitat specialists adapted to the grea­
ter stability and predictability of the burrow
environment (i.e. microclimate, low preda­
tion, food supply). Their environment is pre­
sumably poor in productivity and carrying
capacity, apparently discontinuous in structu­
re, and with resources unequally distributed.
Solenodon is certainly a K-selected species
with a large body size among the Insectivora.
Their life history patterns suggest that equili­
brium between numbers and carrying capa­
city are achieved a) maximizing breeding age
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and duration of breeding season, and b) mini­
mizing litter size, mortality rate, and preda­
tion.
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Es presenta una aproximacio a I'ecologia de les illes des d'una triple perspectiva.
En primer 1I0c, s'exploren les relacions entre area insular i nombre d'especies a
diferents arxipelags, Les dades disponibles sobre aquesta relacio en el passat no
recolzen la teoria de la biogeografia insular de MacArthur i Wilson (1967). En
segon 1I0c, s'explora I'ocupacio de gremis ecologies seleccionats (els depreda­
dors de vertebrats de talla mitjana i gran i els herbivors folivors de talla mitjana
i gran) ales illes. En els dos exemples explorats els ocells tenen una importancia
relevant, enfront del que esdeve als continents. En tercer 1I0c, es presenten dades
sobre la vegetacio del passat d'illes seleccionades. Els canvis esdevenguts ales
illes rera l'arribada dels humans han afectat tant les especies com l'estructura de
les comunitats vegetals.
Paraules c1au: Illes, Ecologia, Superdepredadors, Folivors, Vegetacio,
An approach to the palaecology of the islands.
From three different perspectives we present an approach to the ecology of the
islands in the past. First, we analyse the linear relationships between island area
and number of species in several archipelagoes. The data coming from the analy­
sis of a such relationship in the past do not support the theory of island biogeo­
graphy of MacArthur and Wilson (1967). Second, we analyse the ocuppation of
selected guilds on islands. The two analysed guilds are those of predators of
large- and middle-sized vertebrates and large- and middle-sized folivores. In both
cases, birds display a relevant paper, in a clear contrast to the mainland suitua­
tion. Third, we present some data on the past vegetation of selected islands.
Human arrival affected the particular species as well as to the structure of vege­
tal communities.
Keywords: Islands, Ecology, Top predators, Folivores, Vegetation.
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Introducci6
Les faunes i flores insulars actuals han
fascinat des de fa mes d'un segle els biolegs
que les han estudiat (vgr., Darwin, 1859;
Wallace, 1883). Les primeres aproximacions
a I'estudi naturalistic de les iIles posaren
I 'ernfasi en el caracter singular de les seves
faunes i flores, amb elevats percentatges
d'especies enderniques, aixi com en la pobre­
sa de les faunes i flores de les iIles anornena­
des 'oceaniques' ala literatura cientifica clas­
sica. Foren els mateixos primers autors que
estudiaren les faunes i flores insulars els que
detectaren que les relacions ecologiques que
es donaven ales illes diferien de les observa­
des als continents. Primer es varen fer obser­
vacions sobre l'autoecologia despecies insu­
lars concretes. EIs estudis sobre el que es pot
anomenar l'ecologia de les illes, 0 estudis
sinecologics de les illes, no comencaren sino
mes endavant.
A hores d'ara podem dir que existeix
una abundant, i sobretot escampada, literatura
sobre I'ecologia de les illes, be que d'estudis
globals n 'hi ha pocs (vgr., Gorman, 1979;
Williamson, 1981; Vitousek et aI., 1995;
Grant, 1998). Molts dels treballs tracten sobre
punts concrets de l'ecologia d'illes concretes
(vgr., Wagner i Funk, 1995; Thorton, 1996).
EIs treballs que estudien aspectes particulars
de I 'ecologia de les illes contrastant-los amb
el que esdeve a les regions continentals son
menys, i encara son menys els que tracten de
detinir patrons d'ecologia insular (el conjunt
dels quais ha estat anomenat "sindrorne d'in­
sularitat" per Blondel, 1986) contrastrables
amb els patrons d'ecologia continentals.
L'ecologia de les iIles sovint no s'ha enfocat
comparativament amb I'ecologia dels conti­
nents, sino dintre de la mateixa perspectiva de
I'estudi global de les relacions entre les plan­
tes i els animals. Aquest enfocament tot sol,
es clar, es limitat, car no permet detinir
patrons ecologies particulars insulars que
contrastin amb els patrons que s'observen als
continents, i en consequencia redueix les ana­
lisis que es fan a estudis de casos concrets,
sense promoure inferencies de contrastacio i
aplicabilitat mes generals. EI resultat es que
sovint es consideren les relacions ecologiques
que es donen ales iIles com a anornales, com
a rareses que no s'ajusten als patrons gene­
rals, al que podriem dir la veritable ecologia,
l'ecologia de les biotes continentals. En altres
paraules, les anal isis fetes sobre I'ecologia de
les iIles sovint es converteixen en merament
anecdotiques, en simples relats del que passa
a uns mons apart, als quais cada investigador
dona diferent importancia, iamb aixo es priva
els investigadors d'una eina molt potent per
comprendre millor la globalitat del nostre
mono
Tot i que els estudis ecologies ales illes
sovint no ernfatitzen les consequencies del fet
insular, s'han publicat algunes aproximacions
a l'estudi de I 'ecologia de les iIles com a dis­
ciplina individualitzada. S'ha de dir que
aquestes aproximacions si que han estat con­
siderades com a eines potents per a la com­
prensio de la naturalesa. Aixi, entre aquestes
aproximacions globals, n'hi ha que s'han rea­
litzat a partir de l'estudi de la relacio entre l'a­
rea de les illes i el nombre d'especies que con­
tenen. A pesar que I'estudi de les relacions
entre les arees i els nombres de les especies
que hi viuen es aplicable tant a arees conti­
nentals com a illes, ha estat ales illes on mes
s'ha desenvolupat. La clara delirnitacio tisica
del terri tori sens dubte n 'ha estat la causa.
L'aparent correlacio entre I 'area i el nombre
d'especies, juntament amb una suposada esta­
bilitat del nombre despecies que hi ha a cada
ilIa va generar una de les teories mes famoses
de l'ecologia, I'anomenada teoria de l'equili­
bri (MacArthur i Wilson, 1963; 1967).
Aquesta teoria es fonamenta en una analisi de
les relacions entre els processos d'immigra­
cions i extincions que esdevenen ales illes.
Fou elaborada inicialment per Preston (1962)
i per MacArthur i Wilson (1963; 1967) i va
generar una bibliogratia abundant, be que ha
estat criticada per nombrosos autors. EI seu
gran atractiu va consistir en donar peu a que
les illes, unitats petites i discretes, de facil
manipulacio i aptes per a una senzilla experi-
mentacio, entrassin en I 'ecologia predictiva.
Les principals critiques que se n'han fet ques­
tionen aquesta teoria en base a dades paleon­
tologiques i en base a diferents interpreta­
cions ecologiques. Durant els anys setanta i la
primera part dels anys vuitanta fou una teoria
present a ambits tan dispars com la biogeo­
grafia i la biologia de la conservacio. La seva
aplicabilitat en gestio del territori tengue
tambe nombrosos seguidors i detractors.
Un segon enfocament dintre dels estu­
dis d'ecologia insular prove de l'analisi de les
diferents interaccions entre pi antes i animals,
entre els animals i entre les plantes ales illes.
Aquestes interelacions poden esser de depre­
dacio, de cornpetencia, de parasitisme,
mutualistiques 0 mixtes. En general els tre­
balls que es poden incloure dintre d'aquest
grup no solen posar l'ernfasi en el fet insular,
sino que solen descriure i interpretar les rela­
cions ecologiques talment com si es tractas de
les relacions ecologiques esdevingudes als
continents. No obstant aixo, s'han cornencat a
descriure relacions peculiars a les illes, les
quais s'han relacionat directament amb el fet
insular [vgr., aquest ha estat de la relacio apa­
rent entre el dodo i el tambalacoque (Temple,
1977, i Temple i Owadally, 1979, discutits
per Witmer i Cheke, 1991); el cas del
Cneorum tricoccon ales Balears (Traveset,
1995 a,b); el cas de la presencia de compostes
arborescents ales illes (Carlquist, 1974;
Eliasson, 1995)]. Alguns d'aquests treballs
sobre I'ecologia de les illes tracten de des­
criure el grau de singularitat d'algunes de les
relacions ecologiques que es donen a les illes,
d'establir patrons sobre les singulars relacions
ecologiques detectades i d'esbrinar-ne les
causes. Dintre d'aquest enfocament dels pro­
blemes cal situar tant les descripcions classi­
ques de relacions ecologiques singulars (vgr.,
Carlquist, 1965; 1974) com els estudis sobre
els patrons singulars [vgr., eixamplament del
ninxol (Blondel i Frochot, 1976; Nogales,
present volum); patrons de superdepredacio
(Alcover i McMinn, 1994); inferencies sobre
sistemes de depredacio/competencia a tres
nivells (Schoener, present volum); patrons
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sobre la rigidesa dels mutualismes (Traveset,
present volum)].
En la nostra revisio de la paleoecologia
de les illes analitzarem situacions diverses
que es poden contemplar des de qualsevol
d'aquestes perspectives. Nogensmenys, ja
podem avancar que el que aqui realment ens
interessa es esbrinar el caracter singular (0 no)
de les relacions ecologiques que s'han donat a
les illes sota les seves condicions rnes natu­
rals, rnes pristines, aixo es, abans de l'arriba­
da dels humans. Previament, perc, conve defi­
nir els tipus d'illes que consideram, aixi com
fer algunes consideracions intrcductories de
caracter general.
En aquest treball, seguint Alcover et al.
(en premsa, c), consideram que des d'un punt
de vista biologic es poden distinguir tres tipus
d'illes: les illes oceaniques, les illes para­
oceaniques i les illes continentals. Con­
sideram illes oceaniques aquelles que mai han
estat connectades a qualsevol continent. Les
faunes i flores d'aquestes illes presenten una
taxa elevada d'endemicitat, son altament dis­
harmoniques en comparacio amb les conti­
nentals (es a dir, presenten proporcions pecu­
liars de Is tipus ecologies [disharmonia ecolo­
gica] i sobre tot dels tipus taxonomies [dis­
harmonia taxonomical) i presenten l'anome­
nada 'pobresa especffica' als nivells taxono­
mics mes elevats (Carlquist, 1974; Blondel i
Frochot, 1976; Williamson, 1981). Un segon
grup d'illes esta constituit per les anomenades
'illes paraoceaniques', que son aquelles que
previament han estat connectades amb els
continents, pero que contenen faunes o/i f10-
res en certa mesura similars a les que habiten
les i1les oceaniques (amb disharmonia, ende­
micitat i pobresa als nivells taxonomies supe­
riors). Aixo es pot haver degut a que la con­
nexio ilia-continent va esdevenir a un passat
molt llunya o/i va esser de curta durada, 0 be
a que es va tractar d'una connexio en que es
que va restringir molt I'intercanvi faunistic.
Exemples d'illes para-oceaniques son la
major part de les illes mediterranies occiden­
tals (unides als continents circumdants durant
el Messinia, fa entre 5,7 i 5,35 milions d'anys,
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pen'> aillades d'aquests a travers de deserts
salins durant la connexio), les Illes Malvines i
I'Illa Wrangel (unides als continents sudame­
rid i eurosiatic durant les glaciacions, pero
amb un filtratge d'immigrants molt fort degut
a les extremes condicions climatiques), i algu­
nes de les illes Mentawai (un ides al sudest
asiatic a travers de Sumatra durant el pleni­
glaciar a travers d'un istme prou estret que va
actuar com a un filtre faunistic potent). Les
illes oceaniques i paraoceaniques conjunta­
ment han estat anomenades "illes vertaderes"
(Alcover et a!., en premsa c), en contrast amb
les Illes continentals. Aquestes darreres han
estat connectades arnpliament amb els conti­
nents i les seves faunes i flores, que en reali­
tat son subconjunts de les faunes i flores con­
tinentals, no son tan pobres en especies com
les de les Illes vertaderes, son globalment
harmoniques respecte a les continentals i pre­
senten un grau d'endemicitat molt petit. Les
Illes oceaniques i para-oceaniques presenten
una extensio molt variable (des de menys
d'un quilometre quadrat fins als 580.000 Jan'
de Madagascar). EI seu grau d'aillament varia
des d'uns pocs quilornetres fins rnes de 3.000
km en el cas de les Illes Hawaii.
En aquest treball tan sols ens ocuparem
de les illes vertaderes (oceaniques i paraocea­
niques). S'estima que l'area total ocupada per
aquestes illes se situa entom d'un 2% de la
superficie terrestre. Les Illes continentals ocu­
parien entom al 3,5% de la superficie terres­
tre. En aquest treball ens centrarem, doncs, en
l'ecologia original (prehumana) de les Illes
vertaderes (oceaniques i paraoceaniques),
Les dades que disposam sobre la paleo­
ecologia de les Illes vertaderes mai no son
directes. Provenen d'inferencies que es poden
realitzar des de diverses disciplines. La disci­
plinarnes important per a inferir I'ecologia
del passat es la paleontologia, pero les dades
subministrades per aquesta disciplina tampoc
mai no son completes, car les relacions ecolo­
giques no fossilitzen, i els registres fossilffers
son sempre esbiaixats. Ademes dels fossils,
I'estudi dels endemismes actuals animals i
vegetals ens pot aportar dades noyes per infe-
rir I'ecologia del passat de determinades Illes
(vgr., Palmer et a!., en premsa). Altrament, el
coneixement de les interaccions planta-ani­
mal als actuals sistemes insulars ha permes
detectar algunes anomalies ecologiques que
es poden explicar mitjancant inferencies
sobre I'ecologia del passat, com son els casos
previament esmentats del dodo i el tambala­
coque de I'illa Maurici, el del Cneorum de les
Balears, 0 el dels patrons de conducta antide­
predatoria d'alguns lemurs de Madagascar
(Goodman, 1994). En aquesta breu revisio
presentarem informacions sobre l'ecologia
del passat provinents d'aquestes quatre disci­
plines (Paleontologia, Zoologia, Botanica i
Ecologia).
Sabem que la totalitat de les faunes i
flores insulars actuals son reminiscents de les
que hi havia abans que les illes fossin colonit­
zades pels humans. Mes exactament, son una
mescla de les faunes i flores que han sobre­
viscut als efectes de la colonitzacio humana
de les illes i de les que han colonitzat les Illes
rere aquesta colonitzacio, Gracies a nombro­
sos estudis paleontologies es cornenca a
coneixer be la diversitat existent en el passat a
les illes per a alguns grups zoo logics, tals com
els vertebrats i mol.luscs, els quais han deixat
un registre paleontologic prou bo a moltes
Illes del mon. Eis coneixements que tenim
sobre les faunes prehumanes d'invertebrats
no gastropodes son molt minsos. Tambe son
encara molt pobres els coneixements que
tenim sobre les flores del passat de la majoria
de les illes vertaderes del men.
Rere l'arribada dels humans, ha estat
possible detectar una enorme perdua d'espe­
cies enderniques de les illes, especialment de
vertebrats [a nivell global s'estima que rere
I'arribada dels humans ales Illes han descom­
paregut no menys del 60% dels ocells ende­
mics insulars (Steadman, 1991; 1995), i
devers el 35 % dels mamifers endemics insu­
lars (AIcover et aI., en premsa c)]. Tambe s'ha
constatat I'extincio de poblacions insulars
d'especies amplament distribuides, no ende­
miques de les illes [vgr., Myotis myotis, pre­
sent en abundancia ales Pitiuses prehumanes,
rere I'arribada dels humans ha descomparegut
d'aquestes illes (Alcover i Muntaner, 1986);
per a altres especies enderniques de mamifers
que han vist reduida la seva area de distribu­
cio vegeu Alcover et al., en premsa a; per a
especies d'ocells que han vist reduida la seva
area de distribucio vegeu, per exemple,
Steadman, 1989a i b)]. L'abast de les extin­
cions ales illes ha afectat no sols els mamifers
i ocells, sino tambe els representants dels
altres grups de vertebrats i tarnbe a moltes
especies de no vertebrats. Es te constancia
d'extincions despecies de gastropodes a dife­
rents illes del rnon (vgr., Christensen i Kirch,
1981, 1986; Groh, 1985; Groh i Hemmen,
1984; Hadfield, 1986; Goodfriend et aI.,
1994; Goodfriend i Mitterer, 1988). Ales illes
Hawaii ha descomparegut un crane terrestre
(veure James, 1995). Probablement molts
d'artropodes han descomparegut de les illes
rera l'arribada dels humans, sense que n'hi
hagi evidencies,
EI fenomen de l'extincio recent de les
especies ales illes ha d'esser considerada com
a una de les deleccions majors de biodiversi­
tat esdevingudes al nostre planeta, amb una
magnitud estimada globalment que per a
alguns grups (rnamifers, ocells), supera la que
s'ha donat (i fins i tot la que potencialment es
pot arribar a donar) a les selves tropicals
(AIcover et aI., en premsa c). Per una altra
banda, a algunes illes tambe s'han pogut
detectar canvis substancials en la vegetacio
rera l'arribada dels humans. La gran dimensio
de les perdues esdevingudes, les alteracions
substancials de l'estructura de la vegetacio, el
caracter singular de moltes de les especies
extingides, juntament amb la singularitat de
moltes de les relacions ecologiques existents
encara ara en els ecosistemes insulars, permet
suposar que en el passat hi havia d'haver mol­
tes relacions singulars ales illes que s'han
perdut per sempre meso
EI present treball preten esser nornes
una aproximacio limitada a I'ecologia de les
illes en el passat. Gracies a molts d'estudis ja
publicats, aixi com a informacions inedites, es
disposa actualment d'algunes bases per poder
Paleoecologia de les illes 173
avancar una primera visio general sobre l'e­
cologia de les illes en el passat. Les dades que
es presentaran a continuacio essencialment
tractaran sobre I'ecologia (autoecologia i
sinecologia) dels vertebrats del passat ales
ilJes i, en menor grau, sobre les comunitats
vegetals del passat. L'aproximacio que aqui
es presentara es un enfocament des de dife­
rents prismes. En primer 1I0c, s'exploraran les
relacions existents entre area i nombre
d'especies a diferents arxipelags. Les dades
que es tenen sobre els fossils no permeten
assajar aquesta aproxirnacio rnes que per a
molt pocs indrets, tals com les illes rnediterra­
nies 0 les indies Occidentals, i per a pocs
grups zoologies. En segon 1I0c, s'exploraran
algunes de les diferencies en l'estructuracio
dels ecosistemes en gremis ecologies entre les
illes i els continents. A tal efecte, es definiran
uns gremis ecologies generals basats en I 'eco­
logia trofica de les especies (definida mit­
jancant la situacio de les especies en les xar­
xes trofiques) i en I'ecologia espaial (definida
a travers de l'ocupacio de diferents tipus de
terrenys 0 d'habitats), A partir d'aquestes
definicions es tractara de mostrar tant els
patrons insulars en l'ocupacio d'alguns dels
gremis ecologies definits, com les diferencies
enregistrades entre els ecosistemes insulars i
els continentals. Finalment, en tercer lIoc, es
presentaran diverses dades que es tenen a
I'actualitat sobre les comunitats insulars del
passat.
Relacio entre area insular i nombre d'espe­
cies
L'anomenada 'teoria de la biogeografia
insular' de MacArthur i Wilson (1967) es
fonamenta en bona mesura en la relacio exis­
tent entre l'area de les illes i el nombre
d'especies que hi viuen. Per a aquests autors,
a cada ilia es trobarien uns nombres d'espe­
cies constants, anomenats "nornbres d'equili­
bri". Aquests nombres serien resultat d'un
suposat equilibri que s'assoliria entre les
especies que immigren a una ilia i les que s'hi
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extingueixen, mitjancant un proces constant
de 'renovacio faunistica' (i floristica). EI
balanc entre immigracions i extincions con­
duiria als nombres d'equilibri, els quais serien
funcio de l'area biogeografica i de l'area insu­
lar. Aquesta relacio paradigmatica entre l'area
insular i el nombre despecies basada en pro­
cessos de renovacio faunistica/floristica ha
estat contestada recentment per diversos estu­
dis, entre altres per Connor i McCoy (1979),
Olson i James (1984), Steadman (1986), i
James (1995). Tots aquests autors discuteixen
I 'existencia dels processos ecologies de
'renovacio faunistica ' que condueixen a l'es­
tabliment d'un 'equilibri insular' postulat per
MacArthur i Wilson (1967).
La relacio entre area i nombre d'espe­
cies ha estat constatada, per ales faunes i flo­
res actuals, a nombrosos arxipelags d'arreu
del m6n. Com Connor i McCoy (1979) indi­
caren, virtualment sempre s'observa una
correlacio entre el nombre d'especies i l'area,
relacio que tota sola no demostra quines cau­
ses teo Les dues hipotesis mes freqilentment
proposades han estat l'area per se (teoria de
I'equilibri) i la diversitat d'habitats (Lack,
1976). La teoria de I'equilibri comporta l'e­
xistencia de processos de 'renovacio faunisti­
ca'. Com es veura a continuacio, els proces­
sos de 'renovaci6' (es a dir, la substitucio
faunistica paulatina d'una especie que s'ex­
tingueix per una altra que hi arriba 0 vice­
versa) que condueixcn a una situacio d'equili­
bri 0 be no estan practicament documentats 0
be es poden rebutjar en base a la documenta­
cio existent.
Per tal d'avaluar la validesa global de la
teoria de la biogeografia insular, resulta
essencial analitzar la seva aplicabilitat a
l'analisi de les faunes no alterades de les illes.
Aquesta analisi s'ha de fer sobre les faunes
prehumanes, donat que rere I'arribada dels
humans les illes s'han vist alterades drarnati­
cament. Les alteracions causades com a con­
sequencia de I'arribada dels humans poden
haver ocasionat canvis substancials en les
relacions entre l'area i el nombre d'especies, i
aquests canvis poden haver afectat el grau
d'homogeneitzaci6/hetereogeneitat de les
faunes i flores insulars, influint directament
en la relacio AlS. Si es pogues demostrar que
I 'analisi feta sobre les faunes i flores actuals
fos de gran validesa en esser aplicada ales
faunes i flores prehumanes s'obtendria una de
les documentacions rnes solides d'aquesta
teoria. Si la teoria de I'equilibri fos valida, la
mes immediata de les seves conclusions, aixo
es I'existencia d'uns nombres d'equilibri
fixats per a cada area insular dintre d'una
mateixa regio biogeografica, seria constata­
ble. Eis nombres despecies existents a l'ac­
tualitat serien la millpr estima dels nombres
d'especies que hi haurien existit en el passat,
Per altra banda, i seguint un raonament simi­
lar, caldria esperar diferencies en el nombre
d'especies en equilibri per a illes que han can­
viat d'extensi6 al lIarg del temps.
Eis elements que volem analitzar aqui
son essencialment tres. En primer 1I0c, la
documentaci6 paleontologica relativa a la
renovacio faunistica, En segon 1I0c, l'existen­
cia en el passat de I'anomenat 'equilibri insu­
lar'. Finalment, la relacio existent entre l'area
de les illes i el nombre d'especies que hi
vrvien.
Quant I' anomenada renovacio faun isti­
ca, la documentaci6 paleontologica existent
es mes aviat reduida. Tot i que es coneixen
vertebrats fossils a no menys de 250 illes del
mon (segons dades de Alcover et aI., en prern­
sa, a; Milberg i Tyrberg, 1993 i altres dades),
sovint les troballes fossils estan mancades
d'una documentaci6 estratigrafica acurada.
Adernes, de moltes illes el coneixement pale­
ontologic que tenim es reduit, insuficient per
esser considerat com a representatiu de la
totalitat de la fauna existent en el passat. S6n
molt poques les illes del men que contenen un
registre fossilifer dabast estratigrafic raona­
blement lIarg i complet com per poder
emprendre aquesta analisi. Alguns dels exem­
pies rnes ben documentats provenen de les
illes de la Mediterrania occidental. En aques­
ta area es troben tres arxipelags amb succes­
sions faunistiques de marnifers i de mol.luscs
bastant ben documentades des del Plioce fins
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Figura 1. Model de successions faunistiques a les principals illes de la Mediterrania occidental, des del Messinia a l'Holoce,
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I'actualitat, iamb registres fossilifers d'ocells
regularment documentats (no tan bons com en
el cas de mamifers i de caragols, pero prou
bons com per extraure-ne algunes conclu­
sions). Aquests tres arxipelags son les Pitiuses
(Eivissa, Formentera i illes adjacents), les
Gimnesies (Mallorca, Menorca i illes adja­
cents) i el mass is cirno-sard (Corsega,
Sardenya i illes adjacents). Aquests tres
arxipelags presenten una historia paleoge­
ografica en part comuna. Durant el Messinia
(fa entre 5,7 i 5,35 Ma; Gautier et a!., 1994)
varen esser colonitzats per una mateixa fauna.
No tots els elements d'aquesta fauna son pre­
sents a cada arxipelag, existint diferencies
regionals a la fauna colonitzadora. Els com­
ponents d'aquesta fauna varen cornencar a
sofrir una evolucio local a partir del moment
en que es va obrir I'Estret de Gibraltar (fa
5,35 Ma) i els diferents arxipelags es varen
aillar (tant del continent com entre si). Durant
mes de 5 milions d'anys, doncs, les faunes
d'aquests tres arxipelags varen evolucionar
ailladarnent, de manera que cadascun presen­
ta la seva propia historia biogeografica parti­
cular. Tot i no constituir rnes que una evolucio
de durada mitjana, I'abast temporal es prou
llarg com per aportar dades concloents sobre
l'existencia 0 no de l'anomenada "renovacio
faunistica".
A la figura I es presenta resumida I'e­
volucio de les faunes de mamifers, parcial­
ment, dels reptils, amfibis i mol.luscs d'a­
quests arxipelags. Mallorca i Menorca, les
Illes mes aillades de la Mediterrania occiden­
tal (conegudes com a Gimnesies) presenten
una fauna de mamifers terrestres (no vola­
dors) que inclou exclusivament tres generes:
Myotragus (Artiodactyla, Bovidae), Eliomys
(Hypnomys) (Rodentia, Gliridae) i
Episoriculus (Nesiotites) (Insectivora,
Soricidae). Durant poc mes de 5 milions
d'anys aquests generes evolucionaren,
almenys a Mallorca (veure Alcover et a!., en
premsa d), sense que s'hi donas cap casta de
'renovacio faunistica'. Cap d'aquests generes
es va extingir, alhora que cap especie hi va
immigrar. Exclusivament un reptil, Podarcis
lilfordi i els seus ancestres (Reptilia, Sauria,
Lacertidae), era present, sense que al llarg
d'aquests 5 milions d'anys cap 'renovacio
faunistica' s'hi donas per als reptils, Per con­
tra, 2 amfibis iDiscoglossus i A lyles,
Amphibia, Anura, Discoglossidae) son pre­
sents als deposits del Plioce superior -
Pleistoce inferior de Mallorca i Menorca. A
un moment indeterminat del Pleistoce infe­
rior/medi una de les dues especies d'amfibis,
Discoglossus n.sp., es va extingir, sense que
es produis cap substitucio faunistica.
Finalment, pel que fa als mol.luscs, el registre
fossilifer es mes incomplet. De qualsevol
forma, sembla documentada almenys l'extin­
cio d' una especie al Pleistoce superior
(Mastus pupa) sense que s'hagi pogut consta­
tar cap substitucio faunistica tampoc als
mol.luscs (Cuerda, 1975; Paul i Altaba,
1992). Tanmateix, perc, les dades relatives als
mol.luscs en el cas de les Gimnesies s'han
d'agafar amb molta de cura, car el registre
que en tenim no es prou bo. La consequencia
global a la qual s'arriba es que ales
Gimnesies existeix una documentacio clara i
contundent que demostra que durant poe mes
de 5 milions d'anys no es va produir cap
'renovacio faunistica' de mamifers, reptils i
amfibis, i probablement tampoc de mol.luscs.
Ales Pitiuses, Illes separades del conti­
nent per un canal de 90 km, durant el Plioce
superior va viure una fauna composta per
almenys dues especies de mamifers terrestres
(dos glirids confirmats i un artiodactil que
requereix confirmacio), dos reptils (una tortu­
ga geganta i una sargantana), i devers 20 espe­
cies de gastropodes terrestres. A un moment
indeterminat del Pleistoce inferior/medi
aquesta fauna va sofrir un proces d'extincio
en massa, el qual no va comportar cap casta
de 'renovacio faunistica'. Es va passar d'a­
questa fauna a una altra molt mes empobrida,
mancada de mamifers terrestres no voladors,
amb nornes la sargantana pitiusa com a unic
vertebrat terrestre no volador supervivent i 6
especies de caragols supervivents. Les causes
d'aquesta catastrofe que afecta la fauna pitiu­
sa son desconegudes (Florit et a!., 1989;
Alcover et aI., 1994). Cal destacar aqui, pen),
que l'extinci6 no fou seguida per cap renova­
cio faunistica. Una vegada mes, la paleontolo­
gia no dona suport ales prediccions de la teo­
ria de la biogeografia insular.
Pel que fa el massis cimo-sard, es te un
bon registre de la fauna de mamifers del
Plioce i del Quatemari, pero estam mancats
d'un bon registre de reptils, amfibis i
mol.luscs, dels que nornes tenim coneixe­
ments molt parcials. La fauna de mamifers del
Plioce superior i del Pleistoce inferior esta
constituida almenys per set especies de mani­
fers (dos artiodactils, un primat, un lagomorf,
dos insectivors, un rosegador). Al Biharia, fa
aproximadament 800.000 anys, es produeix
una entrada de fauna per via ultramarina, la
qual comporta una certa substitucio faunisti­
ca. Descompareixen al menys quatre de les
especies de la fauna anterior (dos artiodactils,
un primat i un insectivor), i aniben almenys
altres quatre especies (un artiodactil, un
canid, un primat i un rosegador), tot i que pro­
bablement mes (3 especies de lludries), En
aquest cas, doncs, es produeix un proces de
'renovacio faunistica', amb immigracions i
extincions geologicament (i possiblement
ecologicament) coetanies. EI que aqui es tal
volta mes destacable es que, juntament amb
les immigracions de mamifers, tambe hi arri­
ben reptils i amfibis, per be que aquestes
immigracions no semblen anar associades
amb extincions de reptils i amfibis de la fauna
antiga.
Les dades que fins aqui hem presentat
indiquen que, almenys per ales faunes i illes
rnediterranies considerades, I) la renovaci6
faunistica no es un proces continuat al Ilarg
del temps geologic, 2) no sempre les extin­
cions estan relacionades amb immigracions,
3) no sempre les immigracions estan relacio­
nades amb extincions. L'unic proces de 'reno­
vacio faunistica' que s'ha pogut detectar ales
Illes de la Mediterrania occidental durant el
Plioce i el Quatemari, exclosos els esdevin­
guts rera I'arribada dels humans, es el que
afecta la fauna de mamifers al Biharia del
massis cimo-sard. Un segon possible cas de
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renovaci6 faunistica podria haver esdevingut
al Plioce superior de Menorca (AIcover et aI.,
en premsa c).
La mateixa documentaci6 paleontolo­
gica permet veure que l'existencia d'un equi­
libri insular ales Illes de la Mediterrania occi­
dental no esta documentada. L'equilibri insu­
lar implicaria el manteniment del nombre
d'especies al Ilarg del temps geologic.
Implicaria tambe que els nombres d'especies
abans de I'arribada dels humans s'haurien
d'haver mantengut rere la seva arribada. EI
cas mes paradigmatic d'inexistencia de I'e­
quilibri es troba ales Pitiuses, on la fauna del
Plioce i Pleistoce inferior es molt mes rica que
I'existent al Pleistoce superior, sense que
s'hagi donat cap canvi geomorfologic a I'illa
que hagi comportat una minva considerable
de la seva extensio. Aquest canvi faunistic
detectat ales Pitiuses va comportar un empo­
briment notable en la fauna de mamifers, rep­
tils i mol.luscs, D'altra banda, totes les illes
de la mediterrania occidental han sofert can­
vis en el nombre d'especies rera l'anibada
dels humans i la seva fauna acompanyant.
Aquests canvis han comportat increments en
els nombres d'especies de diferents grups de
vertebrats (mamifers, reptils i amfibis; veure
Cheylan, 1984; Alcover i Mayol, 1981) i de
mol.luscs ales diferents illes. Les dades que
tenim sobre les faunes d'ocells suggereixen,
en canvi, com veurem rnes a sota, que per als
representants d'aquesta classe de vertebrats
pot haver esdevingut el contrari: els canvis
esdevinguts rere l'arribada dels humans hau­
rien provocat decrements en els nombres i
poblacions d'ocells.
Una critica que tal volta es pot fer a I'a­
proximacio que s'ha fet al problema es que a
l'analisi feta tan sols s'han contemplat (fins
ara) grups taxonomies de capacitat dispersiva
ultramarina mes aviat baixa (mamifers no
voladors, reptils, amfibis i mol.luscs). Una
segona critica radica en que l'aproximaci6
feta contempla el temps geologic, i no el
temps a escala ecologica. Aquesta segona cri­
tica no resulta gaire trascendent, car I'escala
contemplada abasta I'escala ecologica. EI que
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realment seria discutible seria analitzar exclu­
sivament la hipotesi de l'equilibri insular a
escala ecologica i a partir dels resultats fer
inferencies d'abast temporal mes gran.
Pel que fa la primera critica, l'analisi
del problema de la renovacio faunistica esde­
vinguda al passat a grups taxonomies d'eleva­
da capacitat dispersiva es complexa, i proba­
blement irresoluble amb el grau actual de
coneixements sobre les faunes autoctones
insulars. Fins a un cert punt, es poden cons i­
derar els reptils com a bons colonitzadors d'i­
lies, ja que la seva capacitat dispersiva els ha
perrnes colonitzar moltes illes del rnon, Aixi,
l'analisi feta previament sobre reptils ales
illes de la Mediterrania occidental condueix a
unes conclusions que podrien interpretar-se
com la constatacio de no-renovacio faunistica
a un grup taxonomic d'elevada capacitat dis­
persiva. No obstant aixo, fent una interpreta­
cio mes conservadora del que es una capacitat
de dispersio elevada, tan sols dos grups de
vertebrats presenten una capacitat dispersiva
summament elevada, els quiropters i, en
major grau, els ocells. EI registre fossilifer
que en tenim ales illes es rnes aviat minso,
sobretot en el cas dels quiropters, i els proble­
mes de representativitat de les faunes del pas­
sat que tenen els registres fossilifers coneguts
son aixi mateix grans. En el cas dels ocells,
les analisis de la relacio NS ales illes en el
passat presenten una complicacio afegida,
donat que aquesta analisi s'ha de basar en el
nombre d'especies nidificants a les illes, i no
en els migrants. Aixo implica que s'han d'es­
tablir primer criteris que perrnetin estimar si
un fossil trobat pertany a una especie migrate­
ria 0 a una especie nidificant a una ilia.
Altrament, s'han de comparar mostres faun is­
tiques representatives provinents de nivells
diferents.
Tot i les grans dificultats existents per
fer una analisi biogeografica de les especies
amb una elevada capacitat dispersiva, es pos­
sible presentar dues aproximacions al proble­
ma. La primera, basada en l'analisi de les
omitofaunes autoctones de les illes Hawaii. EI
registre paleontologic de les Hawaii, tot i que
incomplet, perrnet presentar una analisi d'una
de les faunes sobre les quaIs es va edificar la
teoria de la biogeografia insular de
MacArthur i Wilson (1967). La segona, basa­
da en l'analisi comparativa de les faunes
actuals i fossils del Pleistoce superior de les
illes mediterranies, L'omitofauna fossil de les
illes mediterranies es coneix raonablement
millor que la de qualsevol altre arxipelag del
mon, lIevat de les Hawaii. L'omitofauna
autoctona, vivent 0 extinta, de les illes Hawaii
esta composta per no menys de 105 especies,
totes enderniques lIevat d'una, l'aguila marina
(Haliaaetus sp.). EI fet que totes sien enderni­
ques exclou que aquestes especies puguin
esser considerades com a no nidificants. La
troballa de no menys de 35 i probablement no
menys de 57 especies fossils (una xifra que
s'incrementa a mesura que les recerques pro­
gressen), les quaIs cal considerar com a com­
ponents de les faunes naturals (prehumanes)
de les illes Hawaii, questiona directament tot
I'edifici teoric realitzat per MacArthur i
Wilson (1967) i altres autors sobre el qual es
basa la teoria de la Biogeografia Insular
(Olson iJames, 1984). Les faunes prehuma­
nes hawaiianes eren molt mes riques que les
actuals (un fet que no va saber predir 1a teoria
de la biogeografia insular), i, tot i la migrade­
sa de dades, a hores d'ara no s'ha documentat
cap substitucio faunistica durant el Pleistoce i
Holoce, abans de I'arribada dels humans (be
que tampoc s'ha documentat la inexistencia
de renovacio faunistica).Tanmateix, alguns
autors arriben a la conclusio que la teoria de
la biogeografia insular de MacArthur i Wilson
(J 967) seria valida per a aquells casos en que
no se superpossassin fenomens d'especiacio
als fenornens d'immigracio/extincio.
L'analisi de les ornitofaunes fossils de
les illes mediterranies resulta rnes complex
que el de les Hawaii. Aixo es deu a que ales
illes mediterranies el nombre d'endemismes
es molt baix, per la qual cosa cal recorrer a
criteris adicionals per establir quines restes
fossiliferes representen ocells nidificants.
Aquests criteris son exposats per Florit i
Alcover (1987) i Alcover et al. (en premsa, d).








































Figura 2. Corbes de regressio S/A per als mamifers a arxipelags seleccionats. A. Illes de la
Mediterrimia (segons dades de Cheylan, 1984, i dades propies). B. Seleccio d'Indies
Occidentals (segons Morgan i Woods, 1986).
Figure 2. Logarithmic linear regresion SIA for mammals in selected archipelagoes. A.
Mediterranean islands (after Cheylan, 1984, and personal data). B. Selection of West Indian
islands (after Morgan and Woods, 1986).
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La poca presencia d'endemismes, junt amb la
relativa proximitat als continents de les dife­
rents illes mediterranies, permet excloure
biaixos en la interpretacio d'aquestes faunes
que puguin esser relacionats amb unes supo­
sades restriccions a la teoria de la biogeogra­
tia insular degudes a l'especiacio a les illes,
tal com esdeve al cas de les Hawaii. L'estudi
de la fauna fossil provinent del jaciment d'Es
Pouas, Eivissa, apunta, tot i que no demostra,
a que almenys entre fa 30.000 anys i fa uns
7.000 anys no es pot detectar cap 'renovacio
faunistica', almenys per a una part considera­
ble de la fauna trobada. Tanmateix, aquest
segueix essent un punt obert, en el qual caldra
aprofundir en el futuro
Pel que fa a la relacio existent en el pas­
sat entre l'area insular i el nombre d'especies,
les dades que es tenen son molt minses. La
millor aproximacio es pot fer ales illes de I 'a­
rea Mediterrania, Quant la fauna de mamifers
no voladors, Cheylan (1984) va presentar les
dades corresponent ales faunes fossils versus
les faunes actuals. A la tigura 2 presentam,
per a una seleccio d'illes mediterranies, les
dades de la regressio linear entre el logaritrne
del nombre d'especies de mamifers no vola­
dors presents ales illes i ellogaritrne de l'area
insular, tant per les faunes actuals com per a
les faunes prehumanes. Cal dir, ademes, que
les faunes actuals son producte d'immigra­
cions molt recents d'especies, posteriors a la
colonitzaci6 humana. De les faunes prehuma­
nes nomes sobreviuen unes poques especies
(tres especies de Crocidura i una de Acomys,
Alcover et a!., en premsa a). La lectura d'a­
questa grafica es il·lustrativa d'allo que ha
esdevingut. Les faunes prehumanes de mami­
fers avoladors de les illes de la Mediterrania
eren mes pobres en especies que les faunes
actuals (veure tambe Alcover, 1980 per al cas
concret de les Balears). Les faunes prehuma­
nes contenien exclusivament especies ende­
miques de mamifers avoladors, mentre que a
les faunes actuals la seva presencia es molt
minsa (Alcover et a!., en premsa c). Quan es
fa una analisi similar per ales faunes de rep­
tils i d'amtibis, els resultats son relativament
semblants. Les faunes fossils contenien
menys especies que les actuals. Probablement
totes les especies herpetologiques que vivien
ales illes mediterranies abans de l'arribada
dels humans eren endemiques, mentre que
actualment n 'hi ha moltes, introduides pels
humans, que no ho son. L'abast de l'extincio
de la fauna herpetologica rera l'arribada dels
humans no es, perc, tan gran com I'esdeven­
guda als mamifers.
Tot i que no tenim prou dades per a
totes les illes mediterranies, les dades que dis­
posam sobre la fauna de gastropodes terres­
tres apunten en la mateixa direccio. Abans de
I'arribada dels humans almenys a algunes
illes rnediterranies (i probablement a totes) hi
havia menys especies que les que s'hi troben
actualment (vgr., a Eivissa s'ha passat d'una
fauna prehumana de 7 especies a una fauna
actual que conte 49 especies, a Mallorca s'ha
passat de 12 especies a 72; Palmer et a!., en
premsa).
Per als ocells, el patro que tenim no
resulta tan evident. En primer 1I0c, el registre
no es tan complet com el que tenim per als
mamifers. Probablement coneixem menys del
20% de les especies que varen viure ales dife­
rents illes rnediterranies durant el Pleistoce
superior. Tampoc entre els ocells tenim un
gran nombre d'especies endemiques insulars,
que encara que no es trobassin en el registre
fossilifer documentarien estirpes que eren
presents a les HIes abans de la colonitzacio
humana. Per una altra banda, tal i com s'ha
indicat mes amunt, existeixen diticultats
metodologiques per detinir criteris de niditi­
cacio per ales especies representades com a
fossils ales Balears. No obstant aixo, els
resultats preliminars de I'estudi de la fauna
d'ocells del Pleistoce superior i Holoce de
Mallorca (deposits de la Cova Nova, Cova
des Moro, Cova de Moleta i altres) i d'Eivissa
(Es Pouas, Cova den Jaume Orat, Avenc den
Cosmi i altres) i de Creta (Liko cave, Cova de
Bate i altres) suggereixen que en aquestes
illes existia una fauna mes rica (dernografica­
ment) i mes diversa (amb un major nombre
d'especies) que la que hi viu actualment. Per
aixo, el patro de canvi faunistic seguit pels
ocells rere la colonitzacio de les illes rnedi­
terranies pels humans sembla haver estat
completament diferent del seguit pels mami­
fers terrestres (no voladors), els reptils i els
ocells. Aixi, mentre que el nombre d'especies
de mamifers no voladors, amfibis i reptils
s'ha vist incrementat rere I'arribada dels
humans, el nombre d'especies d'ocells segu­
rament ha minvat a totes les illes rnediterra­
nies. Eis mamifers autoctons han sofert una
gran extincio. L'extincio soferta per amfibis i
reptils ha estat limitada (pero amb algunes
caracteristiques singulars). La fauna d'ocells
de les illes mediterranies va sofrir, rere l'arri­
bada dels humans, un esdeveniment important
tant d'extincions com de reduccio de pobla­
cions d'algunes especies, acompanyat de l'a­
rribada de nous immigrants, alguns dels quais
han arribat a tenir una gran importancia a I 'ac­
tualitat. Les extincions d'ocells foren selecti­
yes. Afectaren principalment els ocells autoc­
tons terrestres de les illes mediterranies (vgr.,
Athene cretensis de Creta, Anser n. sp.
d'Eivissa, Rallus n. sp. d'Eivissa), aixi com a
diverses especies de talla relativament gran.
Les comunitats ornitiques existents a l'actua­
litat ales illes mediterranies son molt dife­
rents de les que hi existien abans de l'arriba­
da dels humans.
Cheylan (1984) i Morgan i Woods
(1986) presenten tots dos dues grafiques on es
mostren les relacions entre el nombre d'espe­
cies i l'area insular, el primer per ales illes de
la Mediterrania i el segon per a illes seleccio­
nades de les indies Occidentals. Per al primer,
la corba de correlacio NS per ales especies
fossils es troba per sota de la corresponent a
les especies vivents. Totes dues corbes pre­
senten. pendent diferent. Per als segons,
esdeve el contrari: la corba de correlacio NS
per ales especies fossils es troba per damunt
de la corresponent ales especies vivents. En
realitat, les dues grafiques s'han fet de forma
diferent, de manera que enc que el fenomen
que analitzen es el mateix i els patrons obser­
vats son els mateixos, la seva expressio grafi­
ca es diferent. Ais dos mega-arxipelags viuen
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en I'actualitat rnes especies de rnamifers que
en el passat, be que hi ha menys especies
autoctones, degut a que s'hi han extingit rere
I'arribada dels humans. Cheylan (1984) cons­
trueix les seves corbes per als mamifers
actuals a partir del nombre total d'especies
presents, les quais son totes introduides pels
humans. Morgan i Woods (1986) construei­
xen la corba per als mamifers actuals a partir
de les especies autoctones, es a dir, dels ende­
mismes que hi han sobreviscut, deixant de
banda les especies introduides pels humans.
Rastreig de patrons de relacions ecologl­
ques insulars
Es pot fer una aproximacio a I'estructu­
ra i dinamica de les comunitats fossils insu­
lars a partir del coneixement del paper ecolo­
gic de les especies autoctones (endemiques 0
no) de les illes (extingides 0 vivents). Les
inferencies sobre I'ecologia de les especies
extingides deriven be d'estudis d'ecomorfolo­
gia, be sobre estudis d'anatomia funcional.
L'estructura d'una comunitat es pot
definir de formes molt diferents (Samuels i
Drake, 1997). Simplificadament, les comuni­
tats son definibles en termes de la proporcio­
nalitat dels gremis que les formen. A partir
d'aqui es pot avaluar la importancia de les
interaccions especifiques en I'estructura de
les comunitats. Tot i que aquesta avaluacio es
realitza sobretot a partir de I'estudi dels
taxons vivents, cada vegada mes sovint apa­
reixen aproximacions a I'estructura de les
comunitats fossils (Van Valkenburgh, 1995).
Les illes presenten una avantatge adicional
per a l'estudi de l'estructura de les comuni­
tats, sobretot les illes petites i aillades (allun­
yades de les regions d'origen de les seves bio­
tes), per mor que els limits de la comunitat
insular estan cIarament limitats al terri tori
insular. La majoria d'estudis sobre comunitats
examinen realment nornes una part d'aques­
tes, generalment un 0 diferents gremis.
Es operatiu definir en aquest punt, a
grans trets, els principals gremis de vertebrats
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Taula 1. Principals gremis de consumidors secundaris entre els vertebrats.
Table I. Main secundary consumers guilds within vertebrates.
des d'un punt de vista ecologic. Ens limitarem
a definir aquests gremis per als vertebrats, ja
que el desconeixement que tenim sobre els
invertebrats es gran.
Des d'un punt de vista trofic, les dues
categories basiques en les quaIs s'inclouen
tots els vertebrats son les de consumidors pri­
maris i consumidors secundaris. Cadascuna
d'aquestes categories inclou diferents gremis
de vertebrats. Des d'un punt de vista ecologic,
s'enten com a gremi un grup d'especies que
fan servir un mateix recurs en una forma simi­
lar (Simberlof i Dayan, 1991). Existeixen
dificultats en definir els 'paleogremis', inhe­
rents a la condicio de fossils de moltes espe­
cies. Per a I'establiment de la pertanyenca de
les especies extingides als 'paleogremis' cal
basar-se en dades d'anatomia comparada,
morfologia funcional i ecomorfologia. Les
especies actuals son mes facilment assigna­
bles a diferents gremis, ja que es pot analitzar
directa 0 indirectament l'us que fan dels
recursos.
Les categories trofiques (i espacials)
que es consideraran dindre d'aquest treball es
tracten a continuacio. Aquestes categories
s'han definit d'una forma ampla, poe restrin­
gida, per fer factibles les comparacions. Per
als consumidors secundaris, les categories
basiques que consideram es presenten i es
defineixen a la taula I mentre que per als con­
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Taula 2. Principals gremis de consumidors primaris entre els vertebrats.
Table 2. Main primary consumers guilds within vertebrates.
definides a la taula 2. Les categories presenta­
des a aquestes dues taules representen una
simplificacio dels tipus generals de gremis
que es poden trobar de vertebrats. Algunes
especies poden esser situades a diferents gre­
mis, segons factors temporals (vgr., epoca de
I'any) 0 atemporals (vgr., atzar). En aquest
treball tan sols presentarem dades relatives a
l'ocupacio dels gremis dels superdepredadors
ales illes i dels gremis dels consumidors pri­
maris de talla mitjana i gran (be que, sobre
aquests darrers, es presentara una visio molt
general).
Donat que la talla corporal de les espe­
cies te una relacio clara amb la seva ecologia,
per a dur a terme l'analisi que volem fer, es
operatiu definir primer les classes de talla cor­
poral sobre les quaIs rnes abaix parlarem. No
existeixen uns criteris unics, aplicables per a
tots els vertebrats. Per als mamifers terrestres
herbivors Owen-Smith (1988), Martin (1967)
i Bourliere (1975) han establert criteris de
talla complementaris, que es faran servir en
aquest treball d'una forma extensiva.
Tot i que existeix una bibliografia
abundant sobre els canvis a la talla corporal
dels vertebrats que es produeixen a les illes,
no es disposa de cap analisi global sobre la
distribucio de talles corporals a les illes, simi­
lar a la que presenta Eisenberg (1981, fig. 43)
per al conjunt de mamifers a tot el mono Una
primera aproximacio apunta a que els patrons
de distribucio de talles corporals son diferents
ales illes i als continents. La presencia de
megavertebrats (es a dir, especies que superin
els 1000 kg de pes) ales illes es mes aviat
estranya, marginal. De fet, esta limitada tern­
poralment i espacialment. Es redueix a la
presencia d'alguns proboscidis a illes medi­
terranies, orientals i de California i d'una
especie d'hipopotam a Madagascar.
A I'actualitat es disposa de poques ana­
lisis publicades de com es reparteixen les
especies insulars als diferents gremis. Alguns
treballs a tenir en compte son els d'Alcover i
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McMinn (1994), que estudien els superdepre­
dadors, i Segui i Alcover (en premsa), que fan
una cornparacio entre la ocupacio de diferents
gremis ecologies ales illes de la Mediterrania
occidental i les Hawaii.
Alcover i McMinn (1994) varen analit­
zar els patrons de depredacio sobre vertebrats
de talla mitjana i gran que es troben ales illes.
Una suposicio comuna als estudis de biogeo­
grafia insular es que hi ha pocs depredadors a
les illes (Carl quist, 1965; Wallace, 1889;
Williamson, 1981). En realitat, el que esdeve
normalment ales illes es que manquen els
mamifers depredadors, els carnivors. Els
depredadors de vertebrats no manquen a totes
les faunes insulars. La major part de les illes
tenen, 0 tenien fins que foren colonitzades
pels humans, depredadors de vertebrats que
ocupen, 0 ocupaven, els nivells mes elevats
de les cadenes trofiques, be que molt pocs
d'aquests depredador consumeixen, 0 consu­
mien, vertebrats de talla gran (pes> 44 kg) i
mitjana (pes > 5 kg). Alcover i McMinn
(1994) varen presentar el registre de depreda­
dors de vertebrats de talla mitjana i gran.
L'analisi presentada per aquests autors es basa
tant en les faunes actuals com en les faunes ja
extingides ales illes. Els patrons que es regis­
tren indiquen que ales illes oceaniques i para­
oceaniques la presencia de camivors es molt
reduida, De fet, es redueix a la presencia de
tres especies de canids, 12 especies de muste­
lids i 10 especies de viverrids. Entre aquestes
especies, els canids poden haver depredat
eventualment vertebrats de talla mitjana, els
rnustelids probablement no hagin d'esser con­
siderats com a depredadors de vertebrats de
talla mitjana i gran, mentre que entre els vive­
rrids es troben alguns depredadors de verte­
brats de talla gran.
En efecte, entre els canids se sap que
Dusicyon australis depredava sobre pinguins
a les Illes Malvines (Nowack i Paradiso,
1983). Ales illes Channel de California, la
guineu Urocyon littoralis depreda sobre petits
vertebrats, be que ocassionalment pot depre­
dar sobre ocells marins de talla mitjana
(Guthrie, 1992). Cynotherium sardous del
Pleistoce de Corsega i Sardenya era segura­
ment un depredador especialitzat en alimen­
tar-se de les piques endemiques Prolagus sar­
dus, be que se suposa que ocasionalment
podia depredar sobre les cries de les daines
endemiques Megaceros cazioti (Eisenmann,
1990).
Eis mustelids insulars estan represen­
tats essencialment per especies de la subfami­
lia Lutrinae. Es tracta de lludries que han
pogut colonitzar diferents illes mediterranies
travessant els canals marins que les separen
dels continents. Quasi totes aquestes Iludries
son especies aquatiques (Willemsen, 1992),
be que n'hi ha hagut algunes que han evolu­
cionat cap a una forma de vida mes terrestre
que la dels seus ancestres. Aquestes formes
rnes terrestres degueren canviar la seva dieta,
de peixos i mariscs a una que incloia petits
mamifers terrestres. Aquest sembI a haver
estat el cas d'almenys Lutrogale cretensis, del
Pleistoce de Creta. De qualsevol forma, dona­
da la seva talla corporal, es dificil que aques­
tes especies evolucionades cap a un estil de
vida rnes terrestre depredassin sobre verte­
brats terrestres de talla mitjana i gran.
Els viverrids son presents a dues illes
oceaniques, Madagascar (on es troben
almenys 8 especies) i Sulawesi (on una espe­
cie es present). La majoria d'especies de vive­
rrids insulars depreden sobre vertebrats de
talla petita, be que diverses especies malgat­
xes ocasionalment poden depredar sobre ver­
tebrats de talla mitjana. Nemes dues 0 tres
especies clarament depreden sobre vertebrats
rnes grans. Per un costat tenim les fosses de
Madagascar (Ia vivent Cryptoprocta ferox i
I'extinta C. spelaea, tal volta coespecifica
amb I'anterior). Les fosses vivents depreden
sobre tota casta de lemurs de talla mitjana. La
forma extingida, la fossa geganta, pot haver
depredat sobre els grans prosimis extints de
Madagascar, i fins i tot sobre les cries dels
hipopotams nans (Hippopotamus lemerlei)
(Lamberton, 1939). A Sulawesi la civeta gran,
Macrogalidia muschenbroekii, el major vive­
rrid vivent despres de la fossa, depreda sobre
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Especie ilia Epoca
Aquila chrysaetos Mallorca Quatemari
Aquila chrysaetos szimurgh Creta Quatemari
Aquila sp. cj Aquila heliaca Corsega-Sardenya Quatemari
Aquila sp. Madagascar Quatemari
Harpagornis moorei Nova Zelanda Holoce
Haliaaetus albicilla Eivissa Quaternari
Haliaaetus sp. afJ. Haliaaetus
albicilla/leucocephala Illes Hawaii Holoce
Haliaaetus vociferoides Madagascar Recent
Haliaaetus sanfordi Illes Solomon Recent
Haliaaetus australis Illes Chatham Quatemari
Pithecophaga jefJeryi Illes Filipines Recent
Stephanoaetus mahery Madagascar Quatemari
Garganoaetus freudenthali Gargano Plioce
Titanohierax borrasi Cuba Quatemari
Tyto riveroi Cuba Quatemari
Tyto gigantea Gargano Plioce
Bubo osvaldoi Cuba Quatemari
Ornimegalonyx oteroi Cuba Quatemari
Taula 3. Ocells depredadors insulars de vertebrats de talla mitjana i/o gran
Table 3. Insular avian predators ofmiddle- and large-sized vertebrates.
vertebrats de talla petita i mitjana (Nowak i
Paradiso, 1983).
EI gremi dels depredadors de vertebrats
de talla mitjana i gran esta, doncs, molt pobre­
ment ocupat entre els mamifers. De fet,
names quatre de les vint-i-cins especies de
mamifers camivors insulars que es coneixen
(veure Alcover i McMinn, 1994, taula 1)
depreden habitualment sobre vertebrats de
talla mitjana 0 gran, mentre que almenys
altres dues especies poden depredar ocassio­
nalment sobre vertebrats de talla mitjana.
Aquestes xifres son prou indicatives de la
poca representacio dels mamifers en el gremi
dels superdepredadors ales illes.
Entre els reptils insulars es coneixen
tarnbe uns pocs depredadors de vertebrats de
talla mitjana 0 gran. A I'illa de Nova
Caledonia va viure l'enigmatic cocodril extint
Mekosuchus inexpectatus. D'acord amb
Buffeteaut (1983) aquesta especie estava
adaptada a una forma de vida rnes terrestre
que els seus ancestres continentals. Encara
que es pugui pensar que un cocodril terrestre
hauria de depredar sobre vertebrats de mida
mitjana 0 gran, sembla que aquesta especie
s'alimentava basicarnent de gasteropodes.
Tot i que els llargandaixos i les serps
han colonitzat un gran nombre d'illes, n'hi ha
pocs que es puguin considerar corn a depreda­
dors significants de vertebrats de talla rnitjana
o gran. EI cas mes notable es el del vara de
Komodo, Varanus komodoensis, amb una
llargaria corporal de mes de 3 m, que viu ales
illes de Komodo, Flores, Rintja i Padar, i
alguns illots propers. Hooijer (1972) va trobar
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restes d'un vara tan Ilarg com el de Komodo a
I'illa de Timor. Es pensa que en el passat els
varanids de talla gran podrien haver depredat
sobre les cries dels estegodonts nans, cone­
guts a Flores i Timor. La cornbinacio d'uns
saures, de procedencia probable australiana,
amb uns proboscidis, que procedien de la
regia oriental, pot haver originat un patro de
depredacio molt peculiar, unic arreu del man.
De qualsevol forma, els depredadors
insulars per excel.lencia es troben entre els
ocells (Alcover i McMinn, 1994). Aquesta es
una caracteristica de les faunes insulars mes
tipiques. Eis ocells han estat capacos de colo­
nitzar illes remotes on no han pogut arribar ni
mamifers ni reptils grans. Ais nivells mes alts
de les piramides ecologiques de les illes
sovint nomes hi ha ocells. Sovint el gremi
dels superdepredadors es troba monopolitzat
pels ocells. Ais continents aquest gremi es
compartit amb els mamifers terrestres, els
quais sovint son els que dominen aquest
gremio Eis ocells son els depredadors mes
comuns de petits vertebrats ales illes i de
vegades tarnbe depreden sobre vertebrats de
talla mitjana i gran.
A la taula 3 es presenten els ocells
depredadors de vertebrats de mida mitjana 0
gran de les illes oceaniques 0 para-oceaniques
del man. Eis depredadors diurns s'inclouen en
quatre categories: la primera inclou les agui­
les vertaderes (Aquila) i un genere estreta­
ment relacionat (Harpagornisi. EI segon grup
inclou falcons buteonins gegants de diversos
generes. EI tercer, les aguiles marines i el
quart les aguiles cacadores de rnamifers
arboricoles.
Les especies d'aguiles vertaderes es
coneixen al registre fossilifer de diferents illes
rnediterranies, on depredaven sobre els rernu­
gants endemics. Harpagornis moorei, de
Nova Zelanda, estretament relacionada amb
les aguiles vertaderes (Holdaway, 1991),
pesava mes de 13 kg i capturava moes (els
grans ocells cursorials que en el passat ocupa­
yen a Nova Zelanda el gremi dels herbivors)
de talla relativament gran (80-100 kg).
Tant a les indies Ocidentals com ales
illes fossils del Plioce de Gargano es coneixen
falcons buteonins que assolien la mida de les
aguiles grans. Pertanyen als generes endemics
Titanohierax (Antilles) i Garganoaetus
(Gargano). Aquests falcons depredaven sobre
els mamifers endemics de talla gran dels dos
arxipelags (rosegadors i desden tats ales
Antilles, insectivors, rosegadors i artiodactils
a Gargano). L'existencia de falcons buteonins
gegantins a aquests dos arxipelags representa
un cas de convergencia notable al gremi dels
superdepredadors, i ens il.lustra sobre la rigi­
desa dels patrons ecologies insulars.
Un tercer grup d'ocells de presa diurns
inclou especies del genere Haliaaetus. Es tro­
ben especies enderniques insulars 0 no ende­
miques a diferents illes del man (veure taula
3). Les aguiles marines son essencialment
depredadores d'ocells voladors de mida mit­
jana (diferents especies de Procellariiformes,
Charadriiformes i Anseriformes). En el passat
sembla que han tengut una gran importancia a
illes mancades de mamifers terrestres, on els
ocells monopolitzaven quasi tots els gremis
ecologies.
EI quart grup taxonomic de grans
depredadors diurns insulars cornpren especies
depredadores basicament d'especies folivores
arboricoles. Dintre d'aquest grup es troba la­
guila menjadora de rnoneies de Filipines,
Pithecophaga jefJeryi, una especie probable­
menl relacionada amb les harpies. Aquesta
aguila s'alimenta de moneies i de lemurs
voladors. Stephanoaetus mayeri de
Madagascar depredava probablement sobre
lernurids arboricoles (Goodman, 1994a i b).
EI segon grup d'ocells depredadors de
vertebrats de mida mitjana i gran esta format
per ocells nocturns, estrigiformes. Les aus de
presa nocturnes estan molt ben representades
ales illes. Han colonitzat fins i tot les illes
Hawaii, on va evolucionar un genere endemic
(Gallistrix) especialitzat en menjar ocells
(Olson iJames, 1991). Entre els ocells estrigi­
formes, a algunes illes es troben algunes espe­
cies de mida molt gran, totes extingides, les
quais depredaven sobre alguns grans marni-
fers insulars. Les talles majors d'estrigiformes
insulars es troben a illes amb mamifers, les
quaIs no son les rnes allunyades dels conti­
nents. Aixi, a les Antilles es troben diverses
especies de mida gran del genere Tyto, una del
genere Bubo i quatre especies del genere
endemic Ornimegalonyx. Aquest darrer gene­
re inc lou els mussols majors que mai han vis­
cut sobre la terra. Ornimegalonyx oteroi feia
I, I m d'altura, i presenta les urpes rnes robus­
tes que es coneixen a un mussol. Ales illes
fossils de Gargano s'han descrit diferents
especies d'olibes de talla molt gran.
L'absencia de mamifers carnivors a la
majoria de les illes oceaniques i paraoceani­
ques del mon, i l'existencia ales illes d'una
ofcrta de recursos alimenticis diferent de la
que existeix al continent, han condicionat
conjuntament l'evolucio de les especies verte­
brades insulars. Ales illes s'han originat
endemismes a tots cIs gremis ecologies, Els
mateixos gremis s'han de definir ocasional­
ment ales illes de forma diferent de com es
defineixen als continents. La singularitat de
I'ecologia de les illes es pot detectar, en con­
sequencia, a partir de l'existencia d'endemis­
mes insulars peculiars. EI fet que sia possible
definir patrons evolutius clars ales illes (vgr.,
canvis a la mida, canvis a I'estructura de I'es­
quelet locomotor, etc.) reflecteix que hi ha
trets ecologies especials a les illes, els quaIs
es repeteixen arreu del mono
Una volta analitzats els superdepreda­
dors insulars, presentarem una breu analisi
d'un altre gremi ecologic, el dels herbivors de
talla gran (i mitjana). L'herbivoria es una
estrategia trofica que comporta consumir
qualsevol part d'una planta. Algunes parts de
les plantes, tals com els fruits, son rnes nutri­
tives. i contenen menys fibres que altres (tals
com les fulles i les tiges). Les plantes es
defensen dels herbivors de moltes maneres
(vgr., mitjancant defenses ales parets
cel.lulars, desenvolupant estructures defensi­
ves tals com espines, generant substancies
secundaries -tals com alcaloids, terpenoids,
glicogens cianogenics 0 tanins- que son toxi­
ques per als herbivors, 0 acumulant productes
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durs indigeribles -tals com silice- ales fulles
o/i ales tiges), pero moltes tambe els han de
menester per poder-se reproduir d'una mane­
ra eficient. Les interaccions entre les plantes i
els animals son complexes (veure Traveset,
aquest volum). Malgrat les dificultats imposa­
des per les pI antes, els animals tenen molts
d'avantatges emprant les plantes com a fonts
d'alimentacio. Les plantes no es mouen i son
una font dalimentacio relativament molt
abundant. Tant als continents com ales illes
cIs herbivors j uguen un paper molt important,
be que la disharmonia taxonornica i ecologica
de les illes respecte els continents es notable.
En efecte, ales illes oceaniques i para­
oceaniques els gremis de consumidors prima­
ris, igual que el gremi de superdepredadors,
solen estar ocupats prioritariarnent per ocells.
No obstant aixo, hi ha diverses excepcions.
Les illes relativament properes als continents
han estat colonitzades sovint per diferents
especies de marnifers herbivors, Els mamifers
herbivors que es troben a diferents illes ocea­
niques i paraoceaniques s'inclouen basica­
ment als ordres dels Primats, Rosegadors,
Quiropters (Megachiroptera) i, en una menor
mesura, Proboscidis i Artiodactils. Es notable
l'absencia de Perisodactils ales illes. Els
Perisodactils s6n un ordre que inclou alguns
dels herbivors rnes eficacos, amb importants
adaptacions dentaries i digestives a un regim
vegetaria. Ales illes sense marnifers el gremi
dels herbivors 0 be esta monopolitzat pels
ocells 0 be aquests el comparteixen amb
alguns reptils.
Els mamifers han colonitzat un bon
nombre d'illes del mono Alcover et al. (en
premsa, a) registren mamifers endemics insu­
lars a 280 illes. Si excloem les rates pinyades,
presents practicament a totes les illes del rnon,
els marnifers terrestres (no voladors) presen­
ten una capacitat colonitzadora Iimitada
(vegeu la figura 3). La distancia maxima
dimmigracio varia segons els diferents
ordres de mamifers. Per als diferents ordres
s'ha pogut establir una distancia lIindar d'im­
migraci6, per sobre de la qual no es troben
representants insulars. Per davall d'aquests

































Figure 3. Espectres de dispersio ultramarina de diferents grups d'animals. Es presenta la distan­
cia maxima estimada de canal mari travessat.
Figure 3. Overseas dispersion range for different groups of animals. The maximum estimate
overseas distance coveredfor each group is presented.
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ilia Generes presents Ordre Epoca












La Tortuga (no descrits) Edentata Quaternari
Puerto Rico Acratocnus Edentata Quaternari
Puertoricomys Rodentia Quaternari
Elasmodontomys Rodentia Quaternari
Jamaica Xenothrix Primates Quaternari
Clidomys Rodentia Quaternari
Anguilla Amblyrhiza Rodentia Quaternari
St Martin Amblyrhiza Rodentia Quaternari
Curacao Pauloenus Edentata Quaternari









Wrangel Mammuthus Proboscidea Quaternari
Cyclades Elephas Proboscidea Quaternari
Creta Elephas Proboscidea Quaternari
Hippopotamus Artiodactyla Quaternari
Candiacervus Artiodactyla Quaternari
Karpathos Candiacervus Artiodactyla Quaternari
Kasos Candiacervus Artiodactyla Quaternari
Xipre Elephas Proboscidea Quaternari
Phanourios Artiodactyla Quaternari
Sicilia Elephas Proboscidea Quaternari
Malta Hippopotamus Artiodactyla Quaternari
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Baccinello Maremmia Artiodactyla Mioce
Thyrrenotragus Artiodactyla Mioce
Oreopithecus Primates Mioce
Gargano Hoplitomeryx Artiodactyla Plioce
Girnnesies Myotragus Artiodactyla Quaternari
Menorca cf. Alilepus Lagomorpha Plioce
Eivissa Thyrrenotragus Artiodactyla Mioce
(no descrit) Artiodactyla Mioce
Ryukyu Cervus Artiodactyla Quaternari
Capreolus Artiodactyla Quaternari
Illes Channel Mammuthus Proboscidea Quaternari
(California)
Sulawesi Bubalus Artiodactyla Recent
Taula 4. Illes amb mamifers herbivors de talla mitjana/gran
Table 4. Islands containing middle- and large-sized herbivorous mammals
lIindars es possible trobar representants de
cada ordre a diferents illes, be que la seva
presencia depen de diferents factors (vgr.,
regie biogeografica, atzar, etc.).
Com a consequencia de la capacitat
colonitzadora dels rnamifers, moltes illes rela­
tivament properes als continents han hostajat
mamifers herbivors de mida mitjana i gran
(veure taula 4). Diverses especies han evolu­
cionat a aquestes Illes originant formes ende­
miques insulars sovint molt modificades.
Dintre dels mamifers herbivors insulars,
alguns taxons presenten un gran nombre d'a­
pomorfies. Alguns exemples de taxons
d'herbivors altament modificats com a con­
sequencia de la seva evolucio insular son
diversos desdentats i primats de les Antilles,
els proboscidis nans, diversos prosimis de
Madagascar, alguns hipopotams nans, el gran
simi Oreopithecus bambolii de les illes fossils
de Maremma (Italia), Hoplitomeryx de
Gargano, i diversos remugants nans (com, per
exemple, Candiacervus cretensis, i
Myotragus balearicus). Totes aquestes espe­
cies han estat producte de processos evolutius
esdevinguts sota unes condicions ecologiques
particulars. Com a tals, son testimonis inequi­
vocs de la peculiar ecologia de les illes on
vivien en el passat (abans que aquestes fossin
colonitzades pels humans).
A l'illa de Madagascar el paleogremi
dels herbivors de talla mitjana/gran estava
ocupat, a mes de per ocells, per una gran
varietat de prosimis, be que tarnbe s'hi troben
hipopotams nans. Entre els prosimis extingits
es troben els grans Megaladapis, que eren
folivors arboris que s'enfilaven pels troncs
dels arbres, talment com ho fan els koales
australians. Paleopropithecus i Babakotia
eren generes de prosimis malgatxes que
vivien als arbres on es desplasaven com els
actuals peresosos sudamericans. A
Madagascar vivien tambe primats terrestres,
tals com els Hadropithecus, convergents en
certa mesura amb els babuins. Totes aquestes
especies reflecteixen comunitats ecologiques
diferents de les actuals, amb una major
irnportancia dels folivors arboris (Fleagle,
1988).
Les Antilles Majors tambe contenien
comunitats de rnarnifers herbivors molt pecu­
liars. A Cuba, La Hispaniola i Jamaica s'han
trobat restes despecies enderniques de
Primats de la familia tarnbe endemica
Xenotrichidae (MacPhee, 1996). Xenothrix
mcgregori de Jamaica es una moneia estranya
amb una dentici6 reduida, la qual reflecteix
probablement una adaptacio alimenticia parti­
cular encara desconeguda. Antillothrix ber­
nensis de La Hispaniola pot haver estat una
rnoneia de talla relativament gran.
Paralouatta varonai es una Xenotrichidae
gran d'aspecte similar ales moneies udulado­
res pero adaptada a un estil de vida mes
terrestre, talment com la dels langurs 0 la dels
extints Hadropithecus malgatxes. Les
moneies son actualment inexistents ales
Antilles. Tot i que havien d'exercir un paper
ecologic ben peculiar dintre de les paleoco­
munitats anti llanes, els herbivors per
excel.lencia de les Antilles es troben entre els
desdentats i els rosegadors, trobant-se entre
els primers els mes peculiars. Els desden tats
de les Antilles estan pendents de revisi6. Se
sap, pero que a Cuba i a La Hispaniola vivien
especies arboricoles i terrestres, mentre que a
Puerto Rico aparentrnent nornes vivia una
forma arboricola. Tot i que la seva alimenta­
ci6 ens es desconeguda, la peculiar dentici6
d'almenys una de les especies, Megalocnus
rodens de Cuba, suggereix interaccions pecu­
liars amb la vegetacio de I'illa.
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Un altre cas d'evoluci6 insular que tes­
timonia unes peculiars relacions ecologiques
es el de Oreopithecus bambolii. Es tracta d'un
simi antropomorfe insular del Mioce de la
Maremma, descendent dels Dryopithecus
continentals, relacionats amb els orangutans
actuals (Moya i Kohler, 1997). Es tracta d'un
hominoideu que va evolucionar sota condi­
cions d'insularitat, i que presenta adaptacions
particulars a la vida a un medi insular. Els
ancestres de Oreopithecus eren arboricoles i
es desplacaven mitjancant braquiacio. Hi ha
pocs dubtes que passaven molt de temps i s'a­
limentaven als arbres. Oreopithecus, per con­
tra, caminava dret, talment com els humans.
La marxa bipeda fou possible a un ambient
mancat de depredadors, i degue permetre
I 'acces a nous recursos trofics, diferents dels
que consumien els seus ancestres (Kohler i
Moya, 1997). De fet, la dentici6 de
Oreopithecus es tan peculiar que fins i tot hi
ha autors que no consideren que sia un antro­
pomorfe.
Diferents illes del m6n han estat colo­
nitzades per proboscidis. L'arribada a una ilia
i la consolidaci6 d'una poblaci6 d'elefants
amb poe dubtes ha hagut de representar un
impacte molt fort sobre la vegetaci6. Els pro­
boscidis que han colonitzat les illes han evo­
lucionat modificant la seva talla corporal cap
a mides rnes reduides, Les formes mes petites
s'han trobat al Pleistoce medi de Sicilia, i al
Pleistoce superior de Tylos (Sondaar, 1977).
Corresponen a elefants que en estat adult
feien menys d'un metre d'alcaria a la creu.
Molts dels elefants nans insulars presenten
modificacions a I'estructura de les dents que
suggereixen adaptacions a alimentaci6 de
caracter mes abrassiu que la dels elefants con­
tinentals (Mol et a!., 1996).
Entre els artiodactils es troben tarnbe
diferents herbivors insulars. Alguns bovids
antilopins i caprins han evolucionat adaptant
la seva dentici6 a un regim de caracter mes
abrassiu que el que tenen als continents (que
ja ho es molt!). EI cas extrem es Myotragus
balearicus de Mallorca i Menorca. Aquesta
especie presentava una dentici6 altament
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Taula 5. Tortugues insulars de talla mitjanalgran.
Table 5. Middle-and large-sized insular tortoises.
modificada (Bover i Alcover, en premsa) i era
capac d'alimentar-se de plantes considerades
verinoses (Alcover et aI., en premsa b).
De qualsevol forma, donada la seva
limitada capacitat dispersiva, el gremi dels
herbivors de talla mitjanalgran nomes esta
























illes, les quais son properes als continents.
Les illes mes allunyades estan mancades de
grans marnifers herbivors, En aquestes illes el
gremi dels herbivors de talla mitjanalgran esta
ocupat per reptils 0 per ocells.
Entre els reptils actuals I'unic grup que
presenta un bon nombre d'especies herbivo-
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IlIa Especie Familia Estatus
Komodo, Rintja, Va ranus komodoensis Varanidae Vivent
Padar
Flores Varanus sp. Varanidae Extint
Galapagos Amblyrhynchus cristatus Iguanidae Vivent
Conolophus pallidus Iguanidae Vivent
Conolophus subcristatus Iguanidae Vivent
Puerto Rico Cyclura pinguis Iguanidae Descomp.
Anegada Cyclura pinguis Iguanidae Vivent
La Hispaniola Cyclura cornuta Iguanidae Vivent
Bahamas Cyclura sp. Iguanidae Descomp.
Angel de la Guarda Sauromalus hispidus Iguanidae Vivent
San Esteban Sauromalus varius Iguanidae Vivent
Nova Zelanda Hoplodactylus delcourti Gekkonidae Extint
Rodriguez Phelsuma gigas Gekkonidae Extint
Nova Caledonia Rhacodactylus leachianus Gekkonidae Vivent
Proboscincus courti Scincidae Vivent
Illes Loyalty Proboscincus garnieri Scincidae Vivent
Canaries Gallotia goliath [=maxima] Lacertidae Extint
[=simonyi?] [vivent?]
Cap Verd Macroscincus coctei Scincidae Extint
Solomon Corucia zebrata Scincidae Vivent
Ryukyu Eumeces kishinouyei Scincidae Vivent
Taula 6. Saures de gran ta11a presents a illes vertaderes. El11istat inclou una mostra de les espe­
cies que presenten una llargaria del muse11 a la cloaca de mes de 30 ern.
Table 6. Insular middle- and large-sized saurians. This list includes only a sample ofspecies
with a snout vent length> 30 em.
res es el dels quelonis. Szarski (1962) consi­
dera que la rao per la qual no s'ha donat una
radiacio de saures herbivors als continents
s'ha de relacionar amb el fet que aquests rep­
tils no han desenvolupat les caracteristiques
necessaries per a una explotacio eficient de
les plantes: mecanismes de capo lament amb
les mandibules, una temperatura corporal
constant elevada, i una flora estomacal sim-
biotica per digerir la cel.lulosa. Aquestes defi­
ciencies no s'haurien pogut superar per causa
dels depredadors. Nemes les especies que han
desenvolupat estructures ossies per defensar­
se dels depredadors (tals com les tortugues) 0
les que viuen als ambients insulars mancats
de marnifers depredadors podrien haver
desenvolupat estrategies trofiques herbivores.
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En efecte, a diferents illes es troben
reptils insulars que exerxeixen una pressio
gens menyspreable com a consumidors pri­
maris. Aquest es el cas de les tortugues de
mida gran. A diferents illes arreu del mon han
evolucionat tortugues de mida relativament
gran (taula 5). Aquest es el cas de les
Galapagos, d' Aldabra, Seychelles, diverses
illes de la Wallacea, les Ryukyu, aixi com de
les illes Canaries, diferents illes mediterranies
(Malta, Menorca, Mallorca, Eivissa,
Formentera). Les tortugues de mida gran han
prosperat a illes no massa allunyades dels
continents on no es troben mamifers herbi­
vors. Les dades faunistiques que tenim apun­
ten a que pot existir una certa incompatibilitat
ecologica entre les tortugues insulars de talla
gran i els mamifers herbivors de talla gran
(artiodactils, desdentats, proboscidis i ocasio­
nalment rosegadors i primats), la qual proba­
blement es mes gran quan rnes petita es I'illa.
En efecte, les illes que contenen tortugues de
talla gran no solen contenir artiodactils. Dues
possibles excepcions poden esser els casos
d'Eivissa (on pot haver conviscut una tortuga
de mida gran amb un capri, be que cal confir­
mar la coexistencia d'aquests dos taxons) i les
illes Ryukyu (on pot haver conviscut una tor­
tuga de mida relativament gran amb un cer­
vid). A La Hispaniola es coneixen restes fos­
sils d'una tortuga de talla mitjana al Pleistoce
superior, a un moment en que a I'illa vivien
desdentats i rosegadors de mida gran.' A
Timor una tortuga de gran talla procedeix dels,
mateixos nivells del Pleistoce inferior d'on
provenen restes d'un estegodont nan. A
Madagascar, amb una gran diversitat de pri­
mats herbivors terrestres, es coneixen tambe
les restes d'una tortuga terrestre de gran mida.
A I'illa de Menorca, una tortuga geganta va
conviure amb una lIebre de gran talla corpo­
ral. Les interaccions precises entre totes
aquestes especies ens son desconegudes.
Eis saures insulars en repetides oca­
sions han evolucionat incrementant la seva
talla corporal. Sovint un increment de la talla
corporal es relaciona amb (i probablement es
consequencia de) un canvi en la dieta. Eis ani-
mals mes grans poden explotar recursos
energeticarnent mes pobres que els rnes petits
(Rand, 1978). Eis lacertids, geconids i escin­
cids insulars de talla gran (taula 6) solen esser
herbivors. Es poden considerar com els repre­
sentants del gremi dels herbivors de talla mit­
jana, que aprofiten I'oferta de recursos dispo­
nible ales illes que estan mancades de marni­
fers herbivors de talla mitjana. En un cas, el
de la iguana marina de les Galapagos, l'evo­
lucio insular ha originat una especie de saure
que cerca el seu aliment a la mar, consumint
recursos a 10m de fondaria i meso Aquesta
especie s'ha considerat com el saure herbivor
mes improbable (Rand, 1978).
Talment, pero, com esdeve entre els
superdepredadors, habitualment ales illes
mes allunyades dels continents el gremi dels
herbivors de mida mitjana/gran es essencial­
ment, i de vegades exclusivament, ocupat per
ocells. Dintre dels gremis potencials d'herbi­
vors (taula 2), els ocells nectarivors i gran i­
vors no son de talla gran. Eis ocells herbivors
de talla mitjana i essencialment els de talla
gran son basicament folivors. Ais continents
es troben ben representats els ocells que con­
sumeixen fruits, lIavors, i, a les zones tropi­
cals, nectar, pero hi ha molt pocs ocells foli­
vors. De fet, tot i que la folivoria es rara als
ocells (menys d'un 3% de les especies vivents
d'ocells son folivores), son coneguts bastants
de casos d'especies folivores insulars extingi­
des, tals com els moa-nalos de les Hawaii i els
moes de Nova Zelanda.
Morton (1978) considera que la rao per
la qual hi ha tan pocs ocells que sien folivors
obligats radica en que l'extraccio d'energia de
les fulles requereix un temps de retencio rela­
tivament lIarg, de manera que les fulles han
d'esser menjades en grans quantitats i emma­
gatzemades en un gran espai emmagatzerna­
dor al conducte alimentari. Aixo es el que per­
met que es pugui donar una digestio bacteria­
na simbiotica de la cel.lulosa. EI pes de la
quantitat gran de fulles que cal procesar per
obtenir energia es un desavantatge molt gran
per al vol, i aquesta hauria estat la causa que
entre els ocells continentals no s'haguessin





































Nova Caledonia Sylviornis neocaledoniae
Malta Cygnusfalconeri
Eivissa Anser sp.
Taula 7. OceIIs herbivors insulars de taIIa mitjana i gran.
Table 7. Island middle- and large-sized herbivorous birds.
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originat quasi ocells que sien folivors obli­
gats. Les pressions selectives haurien poten­
ciat el vol en detriment de la folivoria. Ales
illes, pero, on els grans rnamifers depredadors
no hi son, la seleccio natural hauria permes
els ocells emprar un recurs abundant i facil
d'obtenir, que els esta vedat als continents. De
fet, la presencia d'ocells folivors en relativa
abundancia en el passat a moltes i1les del rnon
no sols te un interes evident per entendre I'e­
cologia de les illes, sino que demostra que els
ocells son capacos d'extreure energia de les
fulles, talment com ho fan molts de rnamifers.
A diferents illes prou grans els ocells
han evolucionat originant formes que exercei­
xen un paper similar a I'exercit pels grans
mamifers als ecosistemes continentals (vegeu
la taula 7). Aquest es el cas de Nova Zelanda,
on varen evolucionar una dotzena despecies
de moes. Eis moes son ocells de mida gran,
fins a 3,5 m d'alcaria. S'ha discutit molt el
paper exercit pels moes dintre dels ecosiste­
mes de Nova Zelanda. Tot i que nornes es
coneix parcialment la seva alimentacio (vgr.,
veure Anderson, 1989), sembla clar que eren
representants del gremi dels herbivors de talla
gran, d'una forma similar a com els mamifers
ungulats ho son als continents. La similitud
ecologica entre els moes i els ungulats pot
haver estat tal que fins i tot es pot haver donat
ales seves estructures internes (vgr., Wardle,
1985; Atkinson i Greenwood, 1989).
Altres ocells herbivors de gran talla son
els ocells elefants de Madagascar, amb 7
especies, una de les quais, Aepyornis maxi­
mus, podia pesar rnes de 300 kg. Ales illes
Hawaii varen viure els moa-nalos, anneres de
mida gran, com les oques, amb un estil de
vida mes terrestre que aquestes. Eis moa­
nalos son els representants de major talla del
gremi dels herbivors a les Hawaii. La seva ali­
rnentacio es parcialment coneguda gracies a
I'estudi del contengut dels seus coprolits
(James i Burney, 1997). Thambetochen chau­
lidotus consumia, entre altres coses, falgue­
res, un recurs poe habitual a la dieta dels ver­
tebrats, degut a la seva toxicitat.
Talment com esdeve entre els mami­
fers, on trobam ales illes especies d'herbi­
vors, tals com a Myotragus balearicus ales
Balears (Alcover et a!., en premsa b) i dife­
rents especies de lemurids del genere
Hapalemur a Madagascar (Glander et a!.,
1989), que s'alimenten de plantes toxiques,
indigeribles per especies continentals, entre
els ocells insulars tarnbe es troben especies
consumidores de plantes considerades toxi­
ques. Aixi, es curios constatar que una bona
part dels ocells que consumeixen falgueres
son especies insulars. Aquest es el cas del
col om Ptilinopus insularis, de I'illa
Henderson, que menja principalment brots de
la falguera Phymatosorus scolopendria. EI
pinsa borroner de les Acores Pyrrhula pyrr­
hula murina menja ocasionalment fulles de
falgueres. L'especie extinta de moa-nalo de
les Hawaii Thambetochen chaulidous consu­
mia tambe falgueres, segons es despren de
I'analisi del contingut dels seus coprolits (per
a una revisio, vegeu James i Burney, 1997).
Eis gremis dels herbivors estan practi­
cament monopolitzats pels ocells a moltes
illes. Dintre dels herbivors es troben nornbro­
ses especies frugivores que han hagut d'exer­
cir interaccions molt fortes amb la vegetacio
de les illes que habitaven. Una discussio clas­
sica es la interaccio inferida (i discutida) entre
els dodos i els tambalacoques a I'illa de
Maurici (veure Traveset, present volum).
Moltes illes pacifiques, amb vegetacio de
caracter tropical, contenen especies peculiars
de columbiformes, de psitaciformes i de
megaquiropters que interactuen amb els
arbres, consumint els seus fruits i dispersant
les seves Ilavors. L'extincio d'especies ende­
miques sol tenir consequencies en la dinami­
ca de la vegetacio de les illes. A moltes d'a­
questes illes son els ocells i els rnegaquirop­
ters els unics dispersors potencials de lIavors
presents.
Eis exemples que s'han presentat en
aquesta aproximacio a I'ecologia del passat
de les illes permeten constatar que les faunes
naturals de les illes no tan sols estaven forma­
des per especies singulars, de vegades alta-
ment singulars, sino que les relacions ecologi­
ques que tenien entre elles iamb la vegetaci6
sovint eren tambe summament singulars. Es
constata com les illes son mons apart, amb
una tendencia a esser monopolitzats per
ocells, i en menor mesura per reptils i per
mamifers voladors, en detriment dels mami­
fers terrestres. En la present aproximaci6 tan
sols s'han analitzat breument els gremis del
superdepredadors i de Is herbivors de talla
gran/mitjana. En els dos casos es constaten
singularitats que es presenten amb una certa
regularitat. Per a altres relacions ecologiques
que es donen a les illes, definibles per I'ocu­
pacio d'altres gremis de depredadors, herbi­
vors 0 parasits, existeixen tambe singularitats,
probablement d'una forma bastant regular.
Algunes dades sobre les comunitats insu­
lars del passat
Fins aqui s'ha enfocat la nostra aproxi­
macio a I'ecologia del passat des de dues opti­
ques diferents. En primer lloc, s'han presentat
algunes dades que questionen la validesa de
l'anornenada teoria de la biogeografia insular.
La relacio A/S se compleix per a un bon nom­
bre de casos, pero l'anomenat "turnover"
sembla no esser un proces dinamic que actui
constantement. Per contra, a la colonitzacio
de les illes i l'evoluci6 de les seves faunes i
flores s'alternen periodes d'estasi biologica,
que poden durar molt, i periodes de renova­
cio, que poden esser molt curts. En segon lloc,
s'han presentat una serie d'exemples de rela­
cions ecologiques singulars que s'han detectat
ales Illes. Aquests exemples s'han centrat en
l'analisi dels gremis dels superdepredadors i
dels herbivors de talla mitjanalgran. A conti­
nuacio presentarem algunes dades que dispo­
sam sobre les comunitats insulars del passat.
L'analisi de les comunitats ecologiques
es complexa, i sovint es defineixen sobre la
vegetaci6. De fet, les comunitats animals
(almenys algunes comunitats animals, tals
com les ornitiques) i les vegetals solen estar
intimament relacionades (Cody, 1985).
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Disposam de dades sobre la vegetaci6 del
passat de poques illes. Aquestes dades poden
esser directes, i provenen 0 be d'analisis pali­
nologiques 0 be de l'analisi de macrorestes
vegetals, 0 indirectes, i provenen dinferen­
cies realitzades a partir de l'estudi de la fauna.
A l'area rnediterrania es disposa d'in­
formacions sobre les paleoflores de les
Gimnesies, de Corsega i de Creta. La flora del
Pleistoce superior i Holoce de les illes
Gimnesies es coneguda nornes parcialment, ja
que tan sols es tenen dades palinologiques de
6 deposits, 2 de Mallorca i 4 de Menorca. Tot
iamb aixo, els resultats de les anal isis pali­
nologiques permeten dibuixar una vegetacio
del Pleistoce superior i Holoce que es radical­
ment diferent de I'actual (Burjachs et al.,
1994; Perez-Obiol et al., 1996; Yll et al. 1994,
1997). En efecte, les plantes arbories domi­
nants en semblen haver estat Buxus i Corylus,
juntament amb Juniperus i Ephedra. Altres
especies que han hagut d'esser importants son
Acer granatensis i els Quercus de tipus cadu­
cifoli. S6n importants els registres de Erica.
Resulta, en canvi, notable la gran escassessa
de Quercus de tipus perennifoli. Eis boscos
d'alzines (Quercus ilex) son considerats com
a la vegetaci6 clirnacica actual de les Balears
(Bolos i Molinier, 1958). Tambe es notable
I'escassessa en el registre anterior al 6000 aP
de Pistacia i de Olea, dues especies que
actualment contribueixen de manera impor­
tant en la configuraci6 del paisatge de les
garrigues de les Balears. EI canvi mes notable
de vegetacio de les Gimnesies esdeve cap al
6000 aP (Perez-Obiol et al., 1994). A partir
d'aquesta data els Quercus de tipus perenni­
foli comencen a tenir una importancia cada
vegada mes rellevant en el paisatge.
A hores d'ara no es disposa de dades
sobre la flora prehumana de les Pitiuses,
L'unica estacio que s'ha analitzat, Es Pouas,
ha lIiurat molt poe pol.len, el qual pertany
basicament a especies anemofiles, No es pot
garantir que el pol.len hagi estat produ'it per
especies presents a l'illa en el moment de la
deposici6 0 que, contrariament, hagi estat
transportat pel vent des del continent veinat.
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No obstant, el registre fossil de vertebrats del
Pleistoce superior i Holoce pennet inferir que
els paleoambients de les illes Pitiuses havien
de diferir notablement dels de les Gimnesies.
En efecte, l'evidencia de les diferencies pale­
oambientals prove del registre fossilifer de
mamifers terrestres i d'ocells. La comunitat
de mamifers terrestres era del tot absent ales
Pitiuses, mentre que la comunitat omitica
s'estructurava ales Pitiuses d'una forma molt
diferent que ales Gimnesies (Segui i Alcover,
en premsa). Les comunitats d'ocells es corre­
lacionen nonnalment amb la vegetaci6 (vgr.,
Cody, 1985; Welsh i Lougheed, 1996). Donat
que les comunitats omitiques de les Pitiuses i
de les Gimnesies diferien substancialment
durant el Pleistoce superior i Holoce, es pot
inferir que la vegetaci6 d'aquestes illes tambe
hi havia d'esser diferent en el passat (Palmer
et aI., en premsa).
EI registre palinologic del Pleistoce
superior de Corsega es conegut gracies als tre­
balls de Reille (1984; 1992), Reille et al.
(1997). L'analisi de la vegetaci6 del passat de
Corsega es complexa, en tractar-se d'una ilia
abrupta amb diversitat ambiental. Actualment
es distingueixen 7 pisos de vegetaci6
(Gamisans, 1991). S 'han realitzat anal isis
palinologiques a 27 localitats. Sembla que en
el passat la vegetaci6 dominant de les eleva­
cions mitjanes i baixes de Corsega estava for­
mada per boscos de Arbutus i de Erica. A
altaries mes elevades es trobaven boscos de
Quercus caducifolis i boscos mixtos amb
Taxus. Com en el cas de les Gimnesies, la
presencia de Quercus perennifolis era poe
important abans del 6000 aP (Reille, 1984).
Ales illes de la Mediterrania occidental
sembla que la desaparici6 local de diferents
especies arbories no es relaciona directament
amb la primera presencia humana ales illes
de la Mediterrania occidental. En efecte, tal i
com s'ha indicat abans, els espectres pali­
nologics de Mallorca i de Menorca registren
el major canvi floristic entre el 6000 i el 4000
aP. A Mallorca i Menorca aquest canvi ve
definit per l'expansi6 ales illes dels Quercus
de tipus perennifoli. Curiosament, els
Quercus perennifolis s'expandeixen tambe a
Corsega durant la mateixa epoca (Rei lie,
1992). Una explicaci6 de la substituci6 dels
boscos de Corylus i Buxus a Mallorca i
Menorca pels boscos de Quercus ilex i per les
maquies de Olea i Pistacia suggereix que
hauria estat basicarnent consequencia d'un
canvi climatic (Perez-Obiol et aI., 1996). No
es pot excloure, pero, que aquest canvi floris­
tic hagi estat ocasionat pel humans (Alcover
et aI., en premsa b, d).
En efecte, recentment (Gamisans,
1991) s'ha suggerit que l'expansi6 dels
Quercus perennifolis a Corsega pot tenir un
origen antropic, La hipotesi amb la que es tre­
balla suposa que els humans haurien transfor­
mat radicalment el paisatge d'almenys algu­
nes de les illes mediterranies introduint i
potenciant els Quercus de tipus perennifoli,
amb I'objecte d'emprar els seus fruits (els
aglans) per al seu consum 0 per al consum de
la fauna dornestica. Eis aglans de les alzines
tenen I'avantatge davant d'altres fruits
comestibles mediterranis (com, per exemple,
les arboses) de poder-se estotjar durant Ilargs
periodes de temps. La mateixa hipotesi pot
esser valida per explicar I 'expansi6 dels alzi­
nars a Mallorca i Menorca. D'acord amb
aquesta interpretaci6 l'associaci6 vegetal que
fins fa poe es considerava com a la climax de
Mallorca i Menorca, el Quercetum ilicis, no
seria sin6 el resultat de la primera gran trans­
fonnaci6 del paisatge vegetal realitzada pels
humans entre fa 6.000 i 4.000 anys.
Aparentment, doncs, els patrons gene­
rals de canvi faunistic i floristic a I'Holoce de
les Illes de la Mediterrania occidental es
poden relacionar amb I'arribada dels humans,
tot i que no semblen esser consequecia direc­
ta de la primera ocupaci6 del territori, sino
una transfonnaci6 un poe rnes tardana. Eis
canvis esdevenguts han estat d'una magnitud
tal que han comportat una transfonnaci6 molt
gran de tots els ecosistemes insulars, adhuc
del paisatge. No hi ha dubte que la transfor­
maci6 del paisatge s'ha hagut d'interrelacio­
nar amb les extincions iamb les immigra­
cions d'especies.
Es tenen poques dades sobre aquest
canvi de paisatge. A Corsega els Quercus de
fulla caduca i les formacions amb Taxus des­
cendien fins vorera mar a la part oriental de
I'illa (Reille, 1984). A Mallorca i Menorca les
formacions de Buxus descendien tarnbe fins a
vorera mar (YII et al., 1994). Totes aquestes
formacions varen recular rere I'arribada dels
humans, fins a descornpareixer en alguns
casos (vgr., les formacions de Buxus a
Menorca). EI paisatge vegetal que configura
actualment les Girnnesies es ben diferent del
que conegueren els primers colonitzadors
humans. Aparentment, talment com a passat
amb diversos grups faunistics, la vegetaci6
actual de les Balears es mes diferent de la
vegetaci6 del passat que la de Corsega, una
ilia menys poblada, mes abrupta i rnes gran,
on encara hi hauria remanents importants de
la vegetaci6 original (Gamisans, 1991).
Manquen dades palinologiques que
revelin la flora del Pleistoce superior de les
altres illes rnediterranies. Es tenen dades molt
parcials de la flora de l'Holoce de l'illa de
Creta (vegeu, per exemple, les dades sinteti­
ques presentades per Bottema, 1996), les
quaIs demostren que Quercus pubescens,
actualment relictual a l'illa, era relativament
abundant abans de l'arribada dels colonitza­
dors neolitics. No se sap massa be quan es va
produir la substitucio dels Quercus caducifo­
lis pels perennifolis, pero se suposa que
aquest canvi degue estar relacionat amb la
introduccio de noyes practiques agricoles,
igual que l'expansio a I'illa de Olea.
Es disposa d'informacions sobre la
vegetaci6 del passat d'altres illes del mon, les
quaIs demostren que la magnitud dels canvis
esdevinguts rere I 'arribada dels humans ha
estat si mes no important. Aixi, Flenley et al.
(1991) han detectat pol.len de set especies
d'arbres a sediments lIacunars de I'illa de
Pasqua, una ilia on no hi ha actualment arbres
nadius. A I'illa de Trindade, actualment man­
cada darbres, Eyde i Olson (1983) descriuen
troncs grans, de rnes de deu metres, de
Colubrina glandulosa. Aquesta planta forma­
va boscos que descompareixeren entre 1803 i
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1821. L'illa de Madeira, rere la seva troballa
pels portuguesos, va esser cremada pels pri­
mers colonitzadors. L'incendi ocassionat va
durar set anys. Les consequencies detallades
d'aquest foc sobre la flora i la fauna origina­
ries de I'illa es deconeixen, perc degueren
esser no gens menyspreables. Una cosa sern­
blant va succeir a Madagascar. L'arribada dels
humans fa 2000 anys es veu reflectida en el
registre fossilifer per un increment espectacu­
lar en els nivells de carbons (Burney, 1993).
La incidencia dels foes d'origen huma sobre
la vegetaci6 i sobre la fauna de l'illa son
actualment desconeguts, perc es evident que
no han hagut d'esser menyspreables. Ales
Illes Hawaii, talment com a Mallorca i
Menorca, la majoria de les especies vegetals
obtingudes en el registre fossilifer viuen
actualment a les illes, perc hi ha evidencies de
l'extincio d'una especie de falguera (Selling,
1946). Tarnbe hi ha evidencies que rere l'arri­
bada de Is humans hi ha hagut canvis impor­
tants en l'estructura de les comunitats vege­
tals de les terres baixes. Una lIeguminosa
arbustiva 'molt comuna durant l'Holoce a
Oahu quasi ha descomparegut (Athens et aI.,
1992; James, 1995).
Talment com indica James (1995), els
canvis antropogenics prehistories a la vegeta­
cio de les illes poden haver estat extensos, i
han tengut implicacions importants per al fun­
cionament dels 'ecosistemes, E.s presumible
que moltes comunitats vegetals insulars que
hi havia en el passat hagin descomparegut
totalment. Aixo ha hagut de comportar les
perdues d'interaccions uniques entre plantes i
animals.
En definitiva, les dades presentades en
aquest treball permeten constatar que en el
passat les faunes i flores de les illes s'estruc­
turaven de forma peculiar. A la majoria d'illes
de les que tenim registres palinologics, es
constata que la vegetaci6 del passat era dife­
rent de I'actual. Probablement, els canvis en
I'estructura i funci6 de la vegetaci6 insular
esdevinguts rere I'arribada dels humans son
una constant arreu del m6n. La singularitat de
les relacions ecologiques que es donaven ales
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illes pennet parlar de I'ecologia de les illes
com a una part ben diferenciada de I'ecologia
global. L'ecologia de les illes revela patrons
peculiars de relacions ecologiques. Molts dels
gremis insulars estan monopolitzats pels
ocells, a diferencia del que esdeve als conti­
nents, on aquests comparteixen els gremis
amb mamifers i reptils, Moltes de les rela­
cions ecologiques singulars que avui s'obser­
yen ales illes son interaccions modelades a
travers d'una lIarga evolucio sota condicions
ecologiques singulars. Son nomes la punta de
I'iceberg del que eren en el passat. La seva
conservacio a un men que tendeix a la unifor­
mitat mereix esser considerada una priori tat.
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